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iMechaijical Inventions 
of To-day 

CHAPTER I 
INVENTION 

.The earliest invention of which there is any record wa% 
nnade a hundred thousand or more years ago. It was 
before the fime of Patent Offices, so we have no chance of 
purchasing a copy of the specification, the detailed 
description which every inventor nowadays who wants 
t6 " protect ** his invention has to furnish. We have a 
better record than that, however, for we have the actual 
implements themselves which were made under the 
invention. 

Being of imperishable material, they haye lasted all 
these ages, while far more modem things have long since 
corroded away. Moreover, we need not seek these in- 
teresting relics of the dawn of civilization on the banks 
of the Euphrates or any of those other sites whero^he 
wonders ol^ant^qujty Ire so plentifully revealed. They 
are to be foum in abundance in th| British Isles. 

I am referrlhg, of course^ to* the neatly chipped stone 
tooh^made by the men of the* " Old Stone Age,*'iome of 
which axe illustrated on page i8. 
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It seems probable that the chipped ll|it scrapfer was 
the earliest of these, an^ simple| though r seems to us in 
these enlightened days, it must-have been a genius who 
first thought of making it. Noidoubt it originated in a 
discovery, as most inventions 6c^ Some man discovered 
that he could cleafi the flesh a skin of a ^ad animal 
with a broken flint. Possibly he accidentally scraped 
some of his own skin off on such a stone, and Jhat «ug- 
gestg^ Its use for the other pijrpose.* Then when the 
supply of the accidentally broken stones failed, sonjeone 
tried to bVeak them on purpose. Gradually more and , 
more skill was attained until someone hit upon the idea of 
chippkig the flint on both sides and so forming the sharp 
odge of the knife Instead of the square edge of the 
scraper. 

It Is possible to find the sites of veritable factories 
where the manufacture of flint implements was carried on. 
There can be unearthed not only finished articles, but 
the chips which fit them, showing that they were made 
at the very spot where they have lain all these years. 
-Iheje are * wasters,” too, articles which were spoiled in 
process of manufacture and then thrown aside. 

Other tools^are found along with these things which 
were evidenfiy used in the fashioning of them. Large, 
round stones, which have been bruised a great deal, as the 
marks upon them, show, were evidently the hammers of 
theje ancient craftsmen. These were evidently used to 
stake upon others, called by archdfelogifts •* fabricators,” 

^ the purpose of whictf was that of tlft ciiis^ 

Thus we can picture thesp garliest workmen of whom 
we havw any trace, holding a piece of flint, proli^Uy 
between their knees, and fashioning it by means of a 
i8 
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’ f^ricator heiyin one hand and^truck by a hammer held, 
in the other. 

• • 

The age at which all this occurred is fixed by the strata 
in which the things af| found buAed, and from that 
geologist are able to pu^ it as far b|ick as hundreds of 
^ thousands^of years. 

From this dim! far-off beginning, down to the present 
tintfe, men have been inventing things, and inventive 
activity was never greater than at the presenWay. 
In th^ year 1617, when the records of yie ^British 
P&tent Office commence, there were only five patents 
granted, and several of them were not really for 
inventions, but simply privileges granted .to favoured 
, people. In the year 1904, however, the number hdd 
' grown to 16,000, while in the United States the number 
was 3i,oop. 

At the basis of all inventions of a mechanical nature, 
all those, that is, which we are concerned with in this book, 
Sre a small number of elementary principles. The lifting 
power of the screw, the splitting powA of the wedge, 
the way in which a lever can convert a weak but ample 
movement into a small but powerful one^; all these and a 
number of others have been known from .very ancient 
times. Others, such as the power to be* obtained by 
expanding substances by heat, are more modem, but are 
now well known. Few modem infentions, therefore, 
exhibit anything new in principle. It is almost enSrely 
in the adaptation pf old ideas*to modem needs thatithe 
mechanic of to-day can exercise hii powers of invention.* 

This he does mainly in the direction of simplifyfag. 
Sin^>licity is the hall-mark bf a good invention.^ Within 
reasonable limits, any clever mechanic can devise a ^ 
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<nachine to do anything^ provided you df not mindifts 
» being very (jomplicated ; but a genius comes along and 
does the same thing in a simple manner. Then an out- 
sider sees it and thinks nothii^ of it because it is so 
simple. The really great in^|5nlion is the on^ which, 
whjn it has once been made, sets everybody saying, 
** How strange that everybody did not see that long ago.'' 

A notable instance of this is to be- found iif Want's 
"paflfllel motion,” a simple armngement of four rods 
•jointed together. It is shown in Fig. i, and no one lodking 
at that diagram would think it anything extraordinax^r. 
Yet it is an example of a difficult result, perfectly achieved, 
by the simplest possible mechanism. Watt hims^f is 
sjud to have regarded it as his cleverest invention, and it 
has earned the enthusiastic admiration of the greatest 
engineers. • 

The problem to be solved was this. In the old Cornish 
engine, which was created by Watt, there was a large 
beam, and to the end of that beam there was attached 
the end of a vertical rod. The beam rocked upon a 
centre, and ?q it^end described a curve, a part of a circle 
in fact. Yet the rod needed to rise and fall in a perfectly 
vertical direction. Had it been merely attached by a 
pivot tcFthe end of the beam the swinging action of the 
beam would have forced it from side to side, a thing which 
was not permissible! Moreover, between the centre of the 
beajlf and the end there was attached another rod which 
also needed to go str^ht up and ftgwn. 

* That was the problem. Now let us examine the solu- 
tkm. In Fig. i, A is one Kalf^f the great beata of the 
engine, ^ch rocks upon the'pivot B. The end C, thite- 
ioie, describes a ewe. while the rod D must go up and 
30 
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dq;wn in? line. The Matter is connected to th^ 

beam *thc short rod E, while a little nearer the centre 
of the beam there haigs down another rod, F, exactly 
the same length as E.*^Their lower ends are connected 
together by a fourth rdd,jGr, which is^just as long as the 
pivots at the upper ends of E and F are apart. Finally, 
the junction of F and G is connected by a rod H to a fixed 



A MODBL OF SIMPLICITY. 

This simple arrangement of rods is the “ paraUel motion," the 
dwerest achievement of the prince of inventors, James WatL 
Tnc end of the beam moves through a curve, but the rod D, 
because of the arrangement of ro4>, moves in line. 


x)int on the frame of the engine or the wail pf the engine- 
louse. The rod H must bear a certain ^proportion to 
he length of the beam. 

The essential parts of the apparatus are the three rods 
F, and G (which together with a part of the beamSfbrm 
he paralklogram Vjjifch gives the apparatus its name), 
ad the rod H. \ • 

As the%nd of the beamawifigs up and down it describes 
<!^tve ; so, too, does tEe*left-hand end of tlie rod H, 

at the opposite way ; and the combiaation of these two^ 
- • ... 
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/notions causes the uppe^end of the rod 1| to be gui^d 
up and dowp in a perfectly straight line. 

Moreover, there is a certain poiiit, J, in the rod F which 
also moves up and <fown vertica^Jr ; so that if th^ second 
vertical rod (which ^or clearnes§ sake I have not shown in 
the^ diagram) be pivoted upon it there, it, too, will be 
guided in the same straight manner. 

Perhaps to realize the beauty of this contrivamce#bne 
necdiFto see it at work (a thing which is not difficulty for 
it is in use jt many, waterworks) ; but even on papertt is 
easy to see what a triumph of ingenuity it is, and the 
enthusiastic praise which has been bestowed upon it by 
competent judges proves the truth of what I have been 
tiding to show, namely, that generally speaking, the sim- 
pler the contrivance the greater is its cleverness as an 
invention. . 

And that constitutes one of my difficulties in this book. 
A man who has been interested in mechanical matters 
all his life can realize the beauty of simplicity ; but how 
am I to convey that idea to the general reader whose 
life has ledjyn^into other paths than engineering and 
who may not appreciate this point ? 

Perhaps such may be induced to understand this better 
if it be»put in this way. There is a certain amount of 
experience common to all mechanics. Certain things have 
been done in certlin ways for a long time, and in all 
proOhbility will always be done in that way. That is 
because finality has imdoubtedl/ J[)een reached along 
certain lines. For example, the making of holes, the 
forming^of things accurately fbund, or of whdels which 
vdll turn without any wobblfsideways, are things wflkh 
we always made hy turning round : either turning tiie 
22 • 
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u^cle round (d a lathe or elseijtuming the tool which 
)perating upon it in a drilling machine. However it is 
lone, something has got to go round and round. That is 
:he fuiJl^amental idea oi|Lll such operations, and it seems 
IS if there is no possible i)etter way... Finality has been 
reached in that direction. There may be improvements 
in machinery an^ tools used for the work, but the main 
id^ it «eems, will never be improved upon. Thus there 
IS a certain stratum of never-varying ideas undcdying 
the engineer’s methods, and there is a great, temptation 
td include among these more than ought to be included. 
To that must be added also the natural conservatism of 
tht.human race, the instinctive appeal for .a precedent. 
Precedents are supposed to be specially dear to the lawyer 
md the civil servant, but they are dear to us all. And 
rightly so, for they represent the accumulated experience 
•♦f all our predecessors | the trouble arises when we let 
them become our masters instead of our helpers, and all 
jf us do that to a certain extent. 

Thus, whenever a problem is present^ to an engineer, 
iiis mind goes back unconscjously to ^the^^^jmilar jobs 
kvhich he has seen or heard of, and along those lines he 
begins to work. Then, having once started pn those lines, 
nothing but a very determined effort on his part^ill ever 
mable him to cast the past aside and think the thing out 
on original lines of his own. The reshlt of this is that we 
are apt to encumber anything new with mmeccusary 
complicalions, ^ust Ji^use they have been used before. 
An example of this which comes to^nind is the case of the^ 
railway.* Nearly all the early experimenters with the 
sttfhm locomotive assumed that to enable iMo pull a 
load the rails would need to have teeth and the tngfaJt 

23 
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I tooth wheel to work in^hem. It was ncn untU a grfat 
leal of time and money had been spent on the matter 
:hat it was realized . that smooth wheels would grip 
smooth rails sufficiSntly to en^e an engine t^puU a 
:rain on any ordin|ry line. ^ * 

In order, then, to appreciate the worth of an invention 
md really needs to know something o! the temptations 
vhich the inventor had to resist to follow precedentv 
A •farther point in which the really great inventor 
eveals himself is this. Many a thing goes on well,uf) to 
i point and then fails because of something in itsdf 
juite trifling. It is the avoidance of little pitfalls like this 
;o which I refer. I used to know an engineer of emingii^ 
n*the telegraph and telephone branch of the profession, 
md I well remember the enthusiasm with which he pointed 
Dut to me a very trifling point in the early wireless tele- 
graph instrument. It was trifling in itself, but it meant 
[uuch to the success of the apparatus. 

One of the earliest forms of receiver used in wireless 
telegraphy was the Branley Coherer. It consists of a 
small tube with so me metal filings in the middle. Under 
normal conditions these filmgs lie loosely, and then they 
do not form ^a. good conductor of electricity. If the 
apparatijs be •struck, however, by the ethereal waves 
which convey the ** wireless ” messages, the filings cohere 
together and then they form a good conductor. Thus, 
if wcjconnect the two plugs with which the ends of the 
tub^ are stopped up (and between|i^c)f the filings lie) 
to a battery, the current will flow so long as the filings are 
cohering, but not when they ar% loose. 

Now tlfe difficulty that presented itself was that wlm 
^01 they had coho;^ the filings were loth to part again, 
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ey^n when the ethereal waves |)iad stopped. This, how 
ever, can be overcome by tapping the tube^ continually 
Then the filings coheie only so long is the waves ar( 
arriviri^ and the moment they cSase the filings fal 
apart. ' ^ 

, So a little hammer, worked by a mechanism exactly 
like that of the ordinary electric bell, was employed t( 
k^ oiktapping the tube, and it was worked by the cur 
rent which passed through the tube as just describad. 

f4ius, as soon as current passed owing to^ the filing? 
cohering under the influence of the ether waves, a tap was 
given to the tube. If the train of waves was but short 
had ceased by the time the hammer had had time 
to respond to the cunent, then the tap shook the filings 
^ apart; but if it were longer, then the tap was unable tc 
decohere Jhe filings, and the apparatus went on tapping 
until the waves had ceased, and then instantly the hammei 
did its work. When we remember that wireless telegrams^ 
flke ordinary land telegrams, are communicated in the 
form of combinations of long and shorf signs (the well- 
known dots and dashes of Morse), it is clear howjmportani 
it is that the received signal should be cut ofl at its correct 
length. If a dot were to be continued but a Uttle, it would 
be indistinguishable from a dash, and so nfessagq^ would 
become unintelligible. The importance of this little 
electric-bell apparatus will thus be made clear. And now 
I come to the point. It needed the genius of Sir Cilvei 
Lodge to»thinlA)f simple contrivance, and eveit he 
left it for Marconi to get the full valhe out of it by careful 
arrangement and delicate adjustment. My friend, the 
eminent telegraph engineer, used to say that he cdhsidered 
the work of Marconi in simply arrail^ig this simpU 
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contrivance one of the b^t pieces of work that brilliant 
inventor had done. Depend upon it, the greatest in- 
ventions sometiiftes owe their iuccess to the careful 
arrangement and aijustment o^«ome apparently minor 
matter, like that, a^d if is in s|icn small matters that the 
real genius becomes apparent. 

ft may appear that I have laboured*this point, but I 
am anxious to help my readers to appreciate the merits 
of s«gie of the great inventions which, judged from their 
apparent sipiplicity. could have been invented by anyone, 
whereas that quality is the very thing which proves thdir 
worth. 
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CHAPTER II, 

THE,INVENTOR*S DRAWINGS 

In 4he course of this book it will often be necessary to 
refer my readers to drawings and diagrams, for iheyt are 
maiy. interesting examples of invention which defy 
description by words only. The description needs to be 
reinforced by some pictorial representation of the object 
described. 

Therefore, a short review of the methods by whjfh 
# mechanical matters are reduced to drawings will be 
useful. The ordinary perspective representation in many 
cases is unless. Therefore, the engineer draws the thing 
as if his eye were as large as the object itself, so that 
everything is the same distance away. There is then none 
of that diminution to the " vanishing j)oigt which is 
the essence of the perspective drawing. Thus every part, 
whether near or distant, can ‘be drawn^ to zMe, and if 
the size is not figured on, it can be measured off the 
drawing. Sometimes a perspective sketch, is called upon 
to give a general idea of a whole plant and to act as a 
key to the other drawings, but the scale drawings are 
never displaced by a perspective. 

The engineer has certain terms for the different pbmts 
of view. • A drawingf(like Fig. 7 ) showing the machine, 
or whatever it be, from above is a plhn. To this architects 
sometimes add a Plan,* Idoking up," which means the 
sajne thing seen from below ; but engingp^do Snt,often 
need such a plan. Views from the^ffStT end, or skR 
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are called front elevati^, end •elevation, and so 
Then, most important of all, in many cases, is the '' sec 
tion,'* which repeals the inner and often the essentia 
parts. The word* section wj^out any qua^^catioi 
generally means £|p imaginary view of how the thing 



Sii views of a homely article, illustrating the different kinds of drawing. 


would look if it were cut in two exactly through the centre 
and one half takfen away. A longitudinal section assumes 
it to be c\j^hrough the centre “ lengthwise ** ; a transverse 
or cross section supposes the line of division to rui 
across. In complicated machines, or things of curious 
shape, there are often quite a large number of sections 
necessary in order to convey a clear idea of the thing 
represented. Then* it is the practice to mark the place 
•tWl^re it is supposed to be cut through on one of the othei 
dra^gs (a plan, an elevation, o| jnqtHer seetion), by 
a thick dotted line v^th a letter at each end, such as A, 
B, or anything convenient. Thin the section at that point 
is ca^“ Sjeti^ through A B.'* 

^ The part whiclNs cut through is always made darker 

as 
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than the other parts. If theldrawing be coloured, a 
darker shade of the colour which denotes ^e material 
is used for the part shown in section. For example, 
wroughV iron is always jiiown blue. A piece of wrought 
iron shown as if cut through will, th^efore, be a darker 
iblue than the rest. In uncoloured drawings the parts in 
section are sometimes made quite black. At other 
timfts, Of sometimes on the same drawing, such parts 
will^be shown with light»parallel lines across, ** hatchifl ** 
as if is called. When two parts are ip contagt, and are 
shbwn cut through, one is often hatched in one way, 
say from left to right, in a slanting direction, and the other 
from right to left, or one hatched and one ^lack, Vhile 
where there are three parts all three methods of indicating 
^he section may be used. 

A species of shading is often employed, to give bright- 
ness and clearness to a drawing, called ** backlining." It 
is done by assuming that the light comes from one comer 
and showing all edges near that comer by a thin line and 
all those away from the comer by a tSick line. It is 
marvellous how just a little thickening of a fevjines will 
make things stand out clearly which before were flat 
and indistinct. , 

I have often heard people speak of a toy aa being 
eminently suited to be a draughtsman because he can 
draw so well. They mean that he cin produce certain 
sketches or drawings on paper, and they little think tUt 
that is the leas^gf ^l^t a draughtsman has to do. he 
must not only be able to draw. He'must know what to 
draw. Mfbiy a gre^ firm ewfe its greatness to the clever 
brains in the drawing office, where men, o^faJSa^^ 
wett paid, are constantly employed worl^ out new^SmsT' 
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or perfecting old ones, iwenting new details which sh^ 
make the njachinery on which the firm have made thei: 
reputation even ^tter than it hae ever been for its pur 
pose, or else so that it can be ^^de more cheaply. Th( 
draughtsmen are, jn fact, a permanent staff of inventor* 
always at work. 

*Drawings are made in pencil to coAmence with, and 
it used to be the custom to ink them in afterwards, •and 
tho^junior draughtsmen would make duplicates of them 
by tracing the lines through on to some thin, semi* 
transparent paper or linen. During the last decade *01 
so, however, photography has come into the field. Novs 
a tracing is made in ink straight from the pencil drawing 
and that tracing then becomes the negative ofl 
which any number of photographic prints can be taken 
Sometimes a dozen, sometimes even hundred^ of copies 
are needed off one drawing, and if it is at all complicated 
tracing all that number is a long and costly matter, bul 
prints can be taken off in a few minutes each at the cosi 
of a few pence. • 

At fir^these were made in the sunlight just as photo* 
graphs are made on P.O.P. A large printing frame was 
used into which the tracing was put with a piece oi 
photogjraphic* paper behind it. Then it was placed in the 
light, and in a time, long or short according to the state oi 
the sky, the print* was finished. Then the photograpl 
nil; taken out and washed to fix it. 

fn large works now the light of tjie^ujils superseded by 
the light of the electric arc lamp, and the prints can then 
be turned out in rapid succestion whatever may be the 
atat€>^'-thf>^^athpr Jhis itseK has given rise to inven- 
Itions of no Utue^erit, One machine in particular there 
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isVhich can make a print a mi^ long if need be, and can 
be continuously at work from morning till night turning 
out prints all the time.# * 

Imagine a glass cylinder abort 20 inches in diameter 
and 4 feet high standing^up verticaj^y in a light iron 
frame. In the centre there hangs an arc lamp, while 
one-half the circiftnference of the cylinder is enclosed by 
a travelling blanket. This is really what its name signi- 
fies, a woollen clolh ; it is doubled, and has its two^ds 
sewTi together. Then it is stretched ^tween ^wo rollers, 
so» that when they are turned round it travels along, 
rubbing over the surface of the cylinder of glass. To 
one side there is a wooden roller on which Is wound the 

t > 

tracing or ^ negative,'* while on another near by^theg-e 
Hs a length of photographic paper. The end of the tracing 
and the end of the photo paper are both taken to the place 
where the blanket touches the glass, and they are pushed 
in between it and the glass. Then the motion of the 
blknket carries both along, the one behind the other, 
past the light in the cylinder. Meanwhile the latter is 
continually going up and down throwing its lig)^ on the 
tracing and through it on to the paper. The length of 
the exposure is regulated by varying the speed at which 
the blanket moves. 

Emerging at the other end of the half-circle the tracing 
and print are wound automatically upon two other 
rollers. And so the process goes on, print after prinV^i 
rapid sucpession ^b^g made if need be. Indeed, \he 
trouble in most places is that there is not enough work 
to keep the machine employed, and so it is standing idle 
a |pod part of its time. It is generally driven b&a. tiny 
electric motor. 
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1 he photographic papef used is generally what is kaomi 
as ferro-prujsiate paper. When it comes from the print- 
ing machine it ftnly needs to b« washed in water and 
dried, when it is finished and qj^ite permanent. It gives 
white lines on a b^|ie ground, {lence such prints are often 
spoken of as " blue-prints.** There are other papers,^ 
wfiich give dark lines on white, but th^'.are more costly 
and need to be fixed with chemicals. o 

Then the draughtsman has of late years profited by 
another sipple invention—the draughting machine a*s it 
is called. No one who has not pored over a drawing 
board lying flat upon a table or only slightly tilted can 
realize the fatiguing nature of the task. No change of 
position Is practically possible, but the draughting 
machine enables the board to be set at any angle and^ 
any position which the draughtsman likes, ^t may be 
even quite vertical, and the man may work at it just as 
an artist does upon a canvas upon an easel, for his tools 
or instruments will not roll off. The simple T-square, 
which made ihh nearly level position essential in the 
old dra\yjig board, gives place to a flat ruler, which is 
connected to some mechanism by which it must always 
be quite sqi^are with the edge of the board just as the 
old T-square was, but yet cannot fall off. 

And now after this preliminary chapter, intended 
mainly to enable miy readers to understand the drawings 
tmchl shall have to use subsequently, but into which I 
have slipped two interesting little ^vdhtions, we will 
pass on to another more or less* preliminary chapter, 
describing some of the materialsy as we might call them, 
^Ugl^iSbibl^mventor works, existing inventions whi(h 
Ge often has to adapt to modem needs. 
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CHAPTER 111 
FUNlf^MENTAL INVENTIONS 

There are certaift mec|ianical devices which form^tl^e 
basis of nearly all modem inventions. They are them- 
selves old, some of them so old that ^he story of their 
origin is entirely lost. Yet they arc so much used now 
that to make the latter part of the book easily under- 
standable 1 must devote this preliminary chapter to a 
discussion of them. 

Probably every one of my readers has seen at some time 
or other, ‘perhaps on the ironwork of a new building 
in course of erection, a man drilling a hole with the tool 
known as a “ ratchet race.** The worker generally sits 
or lies in the most comfortable position which circum- 
stances will permit, and alternately pulls and pushes 
a handle. As the handle moves in one direction, either 
towards him or away from him, a clicking sound is 
heard, but while it goes the other way the’ clicking is 
silent. Now the essential part of that machine is a certain 
kind of tooth wheel, called a ratchet. wheel, working in 
conjunction with another thing called a pawl. Theratcb»»^ j 
wheel has teeth ^hich all lean in one direction, and t4ie 
pawl is so placed fha) ifs point fits right into the jaw-like 
opening between a pair o^teeth. The illustration Fig. 8 
will make this clear. * 

value of the whole appliance lies in the fact tnai * 
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the pawl prevents the wYpel being turned in one direction, 
but allows it to turn freely the other way. Or, what is 
really the lamci thing, if the payl be pushed in one di- 
rection it will push*the wheel round, while if it be moved 
in the other direction it simply slides over the teeth 
without doing anything at all. 

•That Is how it operates In the jyichet brace. The^ 
movement of the handle in one direction pushes the pawl 
sc^that it engages with one of ^le te^h and pushes the 



Fig. 8. This represents a ratchet wheel and pawl, a most useful 
form of mechanism. 

wheel found | but when it is moved the other way the 
pawl simply slips over the teeth, producing the clicking 
sound mentioned Just now. The drill is attached to the 
wheel* and so whenever the handle is moved in the direc- 
tion which turns the wheel the drill is turned. 

»4^And that is but one example of the use of the ratchet 
and pawl. They are to be found in thousands of the 
inventions of to-day, one of th# l^st* known being the 
** free-wheel " arrangement a bicycle. This consists 
simp ly of a very nicely made ratchet and pawl. 

^***^he purpose of nearly all these fundamental invent%ns 
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T'" » ‘fe 'n^ide %iewr of the well-known “ free-wheel. 'I he inmost ring is turned 
0> t ic..r.inks \\ hen moseJ in ^ni difc-.tion the . orm.-ts of the httlc lialf-round ohj. sis 
tv’Lt. in the teeth of the outer ring and carry it round too. t,ut when moving in the 
^ opji .site dire, tiu.i they glide over without turning it 
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is Iq convey motion from one place to another or to con- 
vert motion from one form to another, or else to change 
the direction or speed o< motion. The ratchet and pawl 
is an example. In it we. see a to-and-fro or reciprocating 
motion changed into a rotating moyon of an inter- 
mittent kind. It is often necessary, however, to change 
a reciprocating metion into a continuous rotation. Wfe 
see this 4# all engines except those of the turbine variety. ^ 
The movement produced by the action of the stwm 
or gas jjas to be changed into a simple rotation^ and the 
mechanism employed is the connecting rod and crank. 
Every cyclist when on hi^ machine illustrates this. His 
knees perform a reciprocating motion, but the lower parts 
of his legs, acting as connecting rods in connection with 
the cranks on his cycle, convert the up-and-down into the 
round-and-round motion. 

It seems strange that such a simple idea aH a connecting 
rod and crank can ever have been the subject of a pat^t, 
yef such is the case. * When Watt first conceived 'the Idea 
of using the steam engine, which up till then had been 
employed only in pumping water, for turning majhinery 
he intended to use a connecting rod and crank to turn 
the up-and-down motion of his engine into^a rotating 
movement, but someone forestalled hint and patented 
the crank, so that Watt had to devise another and in^ 
ferk>r mechanism, known as the ** sun and planet 
motion/^^ and use it until the other man's patent had run 
out. 

The crank can fie us<?d, too, and often is used to turn a 
rotating motion into a reciprocating one. An example 
of this can be seen in many sewing machines, whdte the 
^ psprt whidi holds the needle derives its up-and-doym 
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motion from the action of a crank and connecting ci'od. 
Those pumps, too, which are worked by turning a handle 
or wheel are n^rly all example# of this use of a crank. 
In most steam en|;ines the to-and-fro action, which is 
required to work^the valves, ^is obtained by means of an • 
eccentric. The result is exactly the same as it would be 
if a crank were used, but the eccentric is generally pre- 
ferred, since it takes up less room on the shaff^ than a 
ciKink would do and is easier to {it. It consists of a circu- 
lar disc which is fitted upon the shaft of the engine just 
as a pulfey woulS be, only the hole through which dhe 
shaft passes is not in the centre. Instead, it is a little to 
one -side, and so as the shaft turns the disc is given a 
motion which can best be described by the good old 
Anglo-Saxon word ** wobble.** The eccentric wobbles 
round and round, and being encircled by a ring or strap 
attached to the end of a rod, it imparts a motion to the 
rod similar to that which a crank would give it. An eccen- 
tric can turn rotating motion into reciprocating motion, 
but is never used the other way, since the friction would 
be excessive. 

Sometimes a rotating motion needs to be conveyed 
from one place to another without change of direction, 
kind, or speed, and then a long, round rod is used called a 
shaft. It is simply a smooth, round bar supported at suit- 
able intervals in what are called bearings in which it is free 
to turn round. The bearings generally consist of a dium 
of« anti-friction metal, which encircles the shaft and which , 
is itself supported in an iron block or ]^destal. The anti- 
friction metal is something of, the nature of brass and 
henccf the drums are often spoken of as brasses. They 
are made in halves for convenience in taking the sliaft 
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in £ftid out. To prevent the shaft from moving along 
endwise, as it would probably tend to do, there are gener- 
ally collars of steel fiAd upon the^shiift which slide 
against the ends of the braisses at one or two of the bear- 
* ings and so prevent end movement. In the case of propeller 
shafts on steamers, and also in some forms of steain 
turbine, there is a^great tendency for the shaft to move 
endwisd^and there special bearings called “thrust" 
bearings have to be useQ. They are just the same ft 
principle, however. There are several < collars jiear to- 
gether, and between them similar collars attached to the 
bearing so that the collars on the shaft slide against the 
collars on the bearing. , 

The shaft is generally turned at one end by means of 
a pulley fixed upon it, and the power is taken off it at 
other points from other pulleys. In a large factory it will 
often be noticed that the size of these pulleys is very 
vaiious. That is because the shaft rotates at one constant 
speed, while the different machines may need to work at 
different speeds. A machine which works slowly will have 
upon it a large pulley and will be connected by a leather 
band or belt to a small pulley on the shaft. All parts of 
the belt will, of course, move at the same spaed. That 
part which is passing round the small pulley will be going 
neither faster nor slower than that round the larger 
pulley, and since it is gripping, without appreciable 
slipping, the circumference of both pulleys, it follows that 
both pulleys musf moving at the same speed as far as 
the circumference is concerned. But, of course, the cir- 
cumference of a pulley varied as the diameter, and so 
thejarger the puUey the slower will it turn under these 
conditions. The circumference, for instance, of a 4-foot 



Fundamental Invintions 

« 

mlley will be twice as much as that of a 2-foot piilley, 
.nd so the same amount of circumferential movement will 
nean two revokitions in the smaller to one in the larger. 

There is a well-known example of this in the small 
ind large chain wheels on a*cycle. When a machine is ’ 
aid to be *' geared to 72,” it means that one turn of the 
Tanks is so increased by the action* of the two chain 
vhcels and the chain that it makes the ba^* wheel, 
Jf^rhaps 28 inches diameter,* revolve more than once, 
aifficient in fact, to be equal to one revolution of a 72- 
nch wheel. The result is exactly the same as if the cra\iks 
:umed directly a 72 -inch wheel. 

T!ierefoj;c the fast-ninning machines are driven by 
arge pulleys on the shaft and the slow ones by small, 
the power being conveyed from the shaft to the machines 
:>y endless belts. This endless band is itsclL one of the 
nost valuable of the fundamental inventions. It appears 
)ver and over again not only in the bicycle and on the 
iriving shaft in the factory, but wherever a rotating 
motion is required to be changed into a straightforward 
motion always in the same direction. There are machines 
for conveying such things as coal which consist essentially 
of simply an endless band, while endless chains of buckets 
dredge out*the mud from the docks and harbours, and 
endless ropes carry ore and other valuable products 
across miles of almost impassable country. The endless 
band in one form or another will often be seen by anyone 
interested in mechanism. 

The band which connects two machines together works 
by friction. If the two pulleys which it connects were 
absofutely smooth and the band itself like them,vthe 
driving pulley would simply slip and neither the band 
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nor the driven pulley would be moved. In fact, however, 
there is a great deal of friction between the leather band 
and the metal or wool pulley, and so ^ \he one slips but 
little when in contact >^{ith the other, and the driving 
• pulley moves the band a<id the band moves the driven 
..pulley. 


Fig. 9. Fig. 10, 

Friction gear. These show how one wheel can drive another by friction. 


Fig. II, This represents bevel gearing, in which one wheeF turns another in 
a different direction altogether. * ^ 

The same result can be obtained if the band be dis- 
pensed with and the two wheels be simply placed in 
contact with each other. Two metal wheels so used 
would tend to slip, but if one be made of wood or Com- 
pressed paper or covered with a layer of leather they 
will work well with little slip. Such wheels constitute 
^^t is called friction gearing. By this means^speeds 
can be changed readily, for a small wheel can be made 
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to drive a large one or vice versa. In another form the 
wheels are made with bevelled edges and then one wheel 
can drive another at right angl4 to it, or by varying 
the angle of the^oevel the sha^s may be at almost any 
angle. In some nachines a Mccl is made to drive by 
friction against a disc. That has the advantage that 
by moving the wheel nearer to or farther from the centre 
of the disc the speed of the latter can be varied. ^ 
"^orc often still, the wheels which thus have to work 
together <^rc provided with teeth, so that they catch or 
engage with one another. That has the effect of pfe- 
venting any possible slip between the two wheels so long as 
they are reasonably near their proper distance apart. In 
friction gear the two wheels must be pressed together with 
just the right amount of force, for if pressed too much 
there will be needless friction in the bearings, wjiile if not 
enough they will not grip each other. The friction gear 
has this great advantage, however. It forms a kind of 
safety valve, which lets off the power if too much should 
be used. Lathes, for example, are sometimes driven by 
this kind of gear, and if the workman should attempt to 
do too much on the machine, try to take too thick a 
shaving off Jhe object being turned, for example, all that 
will hc^ppen Ivill be that the friction gear will slip. If 
tooth gear be used under those conditions something has 
got to break. Friction gear, too, runs more quietly and 
smoothly than tooth gear, and is much more convenient 
whte the two wheels haVe to be brought together while 
one is in motion. 

Small wheels in gearing are often called " pinions/" 
especifflly when the small one b fixed to the side of t^e 
large one, as b often seen in clockwork. A combination 
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of a large wheel and a small one is called a wheel and 
pinion. In some machines a pinion is made to work in 
connection with a strjfcght bar, on one edge of which 
teeth are formed. The straight bar is* or' rack,” and the 
two a rack and pinion. 

There is a very useful little appliance, too, called a 
worm. It is simjfly a screw, and it is fixed in bearings & 
that i<^n rotate freely but cannot move endwise. Its 
thread is made to engage with the teeth of a tooth wljg^ 
and so, as the worm is turned rapidly round the wheel is 
mdved slowly. This “ worm gearing ” is often used in 
lifting appliances, such as electric lifts, where the motor 
turns the worm and so turns the wheel which winds in 
the rope to which the cage is attached. It has three great 
advantages ; it can effect a very great reduction in speed, 
it is perfectly silent, and (unless the thread of the screw 
be very steep, or ” fast,” to use the technical term) 
whereas the worm can turn the wheel, the wheel cannot 
turn the worm. Therefore, in the example mentioned 
just now, the electric lift, the motor can easily raise the 
cage, but the weight of the cage cannot turn th^ motor 
and so the apparatus is ” self-sustaining.” If friction or 
tooth gear were employed, as soon as the current was 
turned off from the motor, the cage would, tinlessjother- 
wise held, commence to run down of its own weight, driving 
the motor backwards. 

I have no knowledge of the origin of this term ** worm,” 
but it is probaWy the happy invention of some obscfire 
workman who noticed^ the curious wriggling appearance 
which it has when in motion, just like the action of 
a j^icularly vigorous worm, and so applied the n^tae to 
it. The "happiness” of the appellation would, no 
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perhaps the most familiar of all machines. For there 
are few people who have not at some time or other been 
in^ engineer’s shop and seen lathes at ^ork there. 

A prominent feature of every si!ch machine is the cone 
pulley as it is called, for while everything else may be dark 
and dirty it is always bright. It is like a number of 
pulleys placed close together, in fact made into one solid 
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pi^. It will be recognized at once from the illustration 
Fig. 12 . Its purpose is to vary the speed of the lathe, a 
function which it perrorms in conjuneijion with a short 
shaft fixed often to the^eiling just a^ove the machine. 
This countershaft, as it is termed, '“ias a similar cone 
► pulley fixed upon it near one end, and near the other end 
two pulleys the same size close together. A band of 
Icath!!^ or cotton passes from the main shaft, which is 
driving all the machin^ of the shop and which is jti^f 
driven by the engine, to one of the two pullej^s. One of 
tfiem is fast upon the shaft, so that when it turns the 
shaft is turned too, while the other is loose, so that it can 
rotate without turning the shaft. Normally the band 
IS upon the loose pulley, but when the attendant wants 
to start his machine he guides the band off the loose pulley 
on to thfi fast one. This he does by means of a little 
appliance called '' striking gear," provided for the pur- 
pose. An iron fork encloses the band, and the .simple 
movement of a handle forcing this fork to one side or 
the other guides the band to either the fast or the loose 
pulley as may be required. • 

A second band runs from the cone pulley on the 
countershaft to that on the lathe itself. Npw these two 
pulleys are fixed opposite ways. One lias il;^ small 
end to the right and the other has its small end to the 
left, so that whichever pair of " steps " the band may 
be on the total size of the two is the same, and so the band 
will fit any of them. Therefore it can be moved fttsily 
from one to another. 

Now suppose the sizes ate 6, 8, lo, and I2 inches. If 
jye put the belt so that it connects the i 2 -inch ^ step " 
on the countershaft to the 6-inch step on the lathe, the 
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latter will be driven twice as fast as the countershaft, ^or 
6 is half of 12 . If, then, we shift it |o the next step on each 
we get the lo-inlh on the one driving the 8-inch on the 
other, with the n^ult that thejatter turns ij times as 
fast as the former. • Another shift and the 8-inch is driving 
the lo-inch, so that the latter pulley is going slower than 
tile countershaft. Finally, if we let the 6-inch drive the 
\i 2 -inch the lathe pulley will go only half as fast hs the 
cbiif tershaft. Thus, by simply Shifting the band from 
one part 0 ^ the cone pulleys to another we can produce 
great variations in the speed, while by shifting the other 
band from the fast to the loose pulley, and vice versa, 
we cafi start and stop the machine. 

Then, for turning hard metal, a high speed is not so 
much needed as great power. That accounts for the 
tooth wheel which we see at each end of the cone pulley. 
The latter is not itself fixed to the spindle upon which it 
turns. It is free to slide round easily. It is, however, 
connected rigidly to the small tooth wheel A, which is 
to be seen at the left-hand end of it. Therefore, when the 
cone puljey turns, the small tooth wheel turns too. That, 
as you will see by the illustration, revolves wheel B just 
behind it. 'Jhat in turn operates tooth-wheel C, which 
is in ge^r with* tooth wheel D. This looks as if it formed 
part of the cone pulley, but it is in fact not connected to 
it in any way. Instead, it is fixed to the spindle, on 
which, as I have just said, the cone pulley turns loosely, 
and bn the end of which Js fixed the part ^hich actually 
holds the article being operated upon. Thus the simple 
arrangement of four tooth wheels reduces the speed at 
which (he spindle of the lathe turns, and gives it sucl\^ 
power that it can take a thick shaving off hard metal. 



CHAPTER IV 

THE CYLINDER AND PISTON 

One of the most important of these basic inventions^ 
certainly the cylinder and piston. It was first invented 
in^connection with the pump long before the time of the 
steam engine, but it is .is a part of the steam or gas 
engine that we most often meet with it. 

It is seen in its simplest form in the sudtion pump, 
a section of which is submitted to the attention of most 
schoolboys imder the guise of elementary science. It 
plays a most important part in nearly all those machines 
which are driven by the force of a fluid under pressure, 
stlch as steam engines and gas engines or the hydrau- 
lic lift, and in those other machines in which the reverse 
operation takes place, namely the pumps. 

The cylinder of a steam engine (Fig. 13) is generally 
made of cast iron, the inside being turned or bored 
perfectly true and smooth. The piston is aifat iron disc, 
which nearly fits the bore of the cylinder but not quite, 
for if it did the friction between them would be too great. 
Yet there must be a close fit, if not a tight fit, between . 
the two, or ei^ the steam will escape past. The 4 two 
requirements, najnely«freedom from friction and steam- 
tightness, are reconciled by ihe use of a system of spring 
rings. In the edge of the piston there are formed £^num- 
!fer of grooves running right round it, and in these grooves ( 
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cast-iron rings are placed. The ring^re perfectly smooth 
and just fit nicely in the grooves : moreover, they are not 
quite complete, l)ut are severed af one point so that they 
can be sprung (Jjjefi a little to^get them on the piston. 
Further, they ar^made a little larger than the piston, 
and, indeed, a little larger than the inside diameter of^ 
the cylinder, so that to get the piston into the cylinder 
the rings have to be pressed in a little. Once in, th^efore, 
th^ tend to spring out again and so press lightly and 



Fig. 13. The cylinder and piston of a steam engine, which illustrates in a 
general way the construction and working of all cylinders and pistons in 
engines, pumps, presses, and lifts. 


evenly^upon the sides of the cylinder, making a good 
steam-tight joint between the two, yet causing little or 
no friction.^ It may surprise some readers to hear that 
cast iron is generally used for these, for we are apt to 
think of cast iron as being brittle and far from suitable for 
anything which is of the nature of a spring. Really, 
however, even cast iron has a remarkable amount of 
elasticity. , 

The movement of a piston in a cylinder would naturally 
be of little or no use to us without some means of com- 
municating it to the outside. The piston is, therefore, 
connected to a rod termed the piston rod, which passSk 
46 



The Cylinder and Piston/ 

oul through a hole ik one of the covers which close the 
two ends of the cylinder. And here the same difficulty 
arises. If the rod be akight fit in the l^fle there will be 
friction, while if it be loose steam will ^S9^pe. To prevent 
,both these things the hofeiin the covlj through which 
^he rod passes is surrounded, on the outside of the cylin- 
•der, with a socket a little larger than the rod. At the 
bottom, of this socket and around the rod is placed some 
soft packing of cotton,, hemp, or asbestos, and then, 
what may best be described as a short piece of pipe 
which just slides easily on the rod, is forced (fown into 
this socket so that it squeezes the packing against the 
rod. The force with which the pipe ” is pressed in can 
be varied so as to adjust the pressure of tHe packing 
against the rod until it just prevents the escape of steam 
and causes the minimum of friction. 

In some modem engines the soft packing is replaced 
by rings of some soft metal, the reason being that the 
latter stands the high temperatures met with in modem 
engines better than the older kind of packing. 

In a gas engine the cylinder is open at one end, so that 
there is no need for this ** gland as it is callcdr The 
piston in that case is not a disc, but a small cylinder 
itself. It has rings just as the steam piston has. 

In double-acting *' pumps the cylinder is in principle 
much the same as that of a steam engine, but it generally 
has a chamber formed at each end to contain the valves, 
of which there must be two at each end, one to let 
the water in from the suction pipe and the other to 
let it out to the delivery .pipe. In some cases the 
piston is very similar too. In single-acting pupips, 
Wwever, the piston is simply the end of the piston rod 
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which is large enough to fill the^ylinder very ne«ifly. 
Such a piston can obviously act one way only, that is to 
say it sucks w^ter in and forces^it out again at one end 
of the cylinder Vnly and not at both ends. The water is 
prevented from escaping by la gland through which the , 
rod passes, or else by a specially formed leather ring. 



Fig. 14. The cylinder and piston of a single-acting pump. When the piston 
(or ram) a.^ends it sucks in water from the suction pipe ; when it descends 
the valve prevents it returning the same way that it came, so the water is 
pushed out again through the other valve to the delivery pipe. * 

The same form of cylinder and piston is found, too, 
in machines which work by hydraulic pressure, such as 
hydraulic lifts, presses, and jacks. ^ piston of this 
description is more properly called a ram, and often the 
whole contrivance, piston a»d cylinder as well, are spoken 
of by that name. For example, when some heavy weight 
is said to be lifted by a hydraulic ram, it is a cylinder aNd 
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pist&n of this kind th\ is referred to. Some of them are 
of great length, such as ijiose in the older type of hydraulic 
lift, where a well, as deep as the building p high, has been 
dug to accommodate the lam. t f 

The principle upon whic^ a piston Xrorks, it may be 
jtell to remind my readers, is this. If a fluid be admitted^ 
into a cylinder at a pressure of, say, loo lbs. per square 
inch, k will exert loo lbs. of force on every square inch 
of area which the piston jfossesses. For example, a pist'^n 
5 inches in diameter has an area of roughly ao square 
inches, and steam at loo lbs. pressure would therefore 
push a piston of that size with a force of 2000 lbs. The 
same principle applies for any size of piston, and any 
pressure per square inch. The latter multiplied by the 
former will always give us the total force exerted. 

And the, reverse is equally true. In the case of the 
cylinder of a force pump, the pressure per square inch 
ivhkh the pump is able to impart to the water is the total 
force exerted, divided equally over the number of square 
inches in the area of the ram. For this reason, when a 
steam pump is used to feed the water into a boilef, the 
ivater cylinder always has to be a little less in diameter 
than the steam cylinder. For, suppose the pressure in 
the boiler were 150 lbs. per square inch and \ho area of 
x)th the piston and the ram were 4 inches, the steam 
vould press with a force of 150 lbs. on every square inch 
)f the one, and the water, since it is in communication 
¥ith the boiler also, would press with a force of 150 IbV 
ipon the other. The tw8 forces, being equal and opposed, 
vould thus balance and nothing would happen. If, 
lowever, we make the steam piston 6 inches in alea, 
hen the steam will push it with a force of 900 lbs., while 
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the water will be resisting it to th^xtent of only 6oo*lbs., 
with the result that the resistajjce of the water will be 
overcome and it vdll be pushed into the boiler. 

Before concliiSing this chajrter one must refer to the 
valves, which pl^ such an important part in all machines* 
Where fluids, either liquid or gaseous, have to be con- 
trolled. 

The ordinary tap on a gas fitting Is a simple valve ; 
itt fact, the only difference between a tap and a valve 
is that the formof word is generally used to signify small 
things, while the latter is applied to larger ones. A Well- 
known type of valve, which is used to control the flow of 
steam intp and out of the cylinder of certain high-class 
steam engines, the Corliss valve, to wit, is really only a 
gas-fitting tap greatly magnified. A metal plug normally 
stops up a pipe. It has a hole or passage ^through it, 
however, which, when the plug is turned into a certain 
position, forms a continuation of the pipe and allows the 
fluid to pass through. 

Large valves are, however, seldom made on that 
prinolple. In some of them the passage of the fluid 
is stopped by a •* gate which slides up and down in a 
little chamber formed for it In the body of the valve 
itself. It 6 raised and lowered by a screw, so that when 
it is up there is a full, uninterrupted way for the fluid to 
flow through, while when it is down the passage Is en- 
tirely closed. These are known as “ gate ** valves. 

*The water taps use*d for domestic ^purposes illustrate 
another type, which are also woJked by a screw, but the 
anangement is a little different. The bulb-like part of 
thef tap, where the works ^ are, consists of a little 
chamber divided horizontally by a floor in the centre 
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of which there is a Me. The water from the cistern 
enters above this floor, ^passes down thTj)ugh the hole 
into the lower part, and then away through the spout. 
When you turn the tap off,\’hat you do ^ to screw down 
bn to this hole a cover which entirely closes it and so stops 
life flow of water. 

The passage of steam from a boiler to the engine is 
controlled by a governor which closes the passage a 
little if the engine should go too fast. This requires k 
very delicate valve which will readily work wfth very 
small power. Such a valve is found in the type known as 
“ butterfly valves.” It consists of a disc which exactly 
fills the bore of the short pipe which forms tho body of 
the valve. It is mounted on a spindle which can be turned 
so that a quarter of a turn of the spindle will turn the disc 
from square across the pipe, entirely stopping the flow, 
to an edgewise position which allows almost a free pas- 
sage. It is called butterfly because the two halves 
of the disc, one on each side of the spindle, are some- 
thing like the wings of a butterfly, the spindle forming the 
insect's body. Because of its purpose, which is to throttle 
the passage of the steam, such are often called throttle 
valves as well. ^ • 

When a valve is used to control a liquid at heavy 
pressure, the force is often such as to press the part 
which is obstructing its passage heavily upon its seating, 
^ the part, that is, against which it .rests. This makes ^ 
very difiicult to vfork, and then an ** equilibrium valve ” 
is often used. The essential feature of this is generally 
two pistons upon one rod. These can move up and down 
in^e a cylinder. The steam, or whatever it is, enters 
at the side of the cy|jnder near the bottom, while the outlet 
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is also on the side higher up, Xin the open position 
both inlet an<| outlet are betwdin the pistons, and then 
the steam enters, •passes a little upwards, and out again. 
If the pistons b^pushed do\i|i^a little, however, the upper 
piston comes between the inlet and outlet and the steam ^ 
is stopped. Now, at first sight, it seems as if .that wou'ld 
be a hard valve to work, for the whole force of the steam 
appears to be pushing the upger piston upwards,*and to 
Tlose it the piston would have to be driven downwards 
against *this en(trmous force. Quite true ; butliowever 
energetically the steam may be pressing the upper 
piston upwards, it is equally pressing the lower piston 
downwards, so that the force required to move the pair 
is very little. In fact, since the steam is always between 
the pistons, it never has a chance to force the moving 
part of the valve against any fixed part. 'All it does 
is to try and force the two pistons apart, which the rod 
between them is quite easily able to resist. For .this 
reason the value of such valves for controlling steam at 
high pressure will be apparent, and, as we shall see 
presently, their use in certain types of steam engine is 
the source of considerable economy. 

The pdtpose of the non-return valve has been referred 
to already. It is also called the back-pressure valve, 
since it prevents a fluid which has once been forced 
through it from pressing back again. It has many forms. 
Sometimes a hole or ja number of holes, covered with a 
piece of leather held by one ed^e only^so that it can flap 
up and down, answers the purpose admirably. Or it may 
be^held by the centre so that the edges are free. A hinged 
flap is another form often used, while the best ol^, 
perhaps, is a metal ball. The hole^through which the 
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flui^lenters the valve^erminates in a hollow or cup in 
which the ball lies. )^en the fluid enters, it lifts the 
ball and passes in freely, but as soon as ^t attempts to 
return the ball falls into fjie hollow aftd^ is forced down 
pn to the mouth of the holi-, thereby sdiling it up most 
<jfectually. There is generally a little cage, or something 
df that sort, to prevent the ball from being lifted right ' 
away {rom its seat. It is allowed to move far enough 
to give a clear path for the fluid, but not too far to return 
quickly ^and with certainty to its seat as soon as it is 
needed. 
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CHAPTER V 

THE BASIS OF MANY INVENTIONS 

Jhe most important of the inventions of modem times 
are basc^ upon the use of heat. Their object is to.convert 
heat into work ; and to be able to understand them we 
shall need to consider for a moment some of the ways 
and peculiarities of this wonderful property. 

No one works a machine by hand if by any chance he 
can get some power to do it for him, and in the vast 
majority of cases the power is derived directly from heat. 
The steam and the gas engine are alike heat engines, 
while the waterwheel and the windmill derive their power 
from the same source, but less directly. The tide-motor 
is the only instance of power being generated apart from 
heal;, and that is so little used as to be almost negligible. 

It is possible that some readers may be tempted to dis- 
pute this jtatement on the ground that a chemical battery 
such as is* used for electric bells and telegraphs is not 
worked by heat ; yet it is quite correct. The essential part 
of such a battery is a rod or plate of pure zinc, which is 
eaten away by acid as the battery works. Such metal is 
nbt found in a pure state in nature, but only in the form 
of ore, in combination with some other substance, and 
heat has to be employed to separate the metal from the 
other substance. Therefore the chemical battery cannot 
work without heat. The fact is that heat has to be used 
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vorce the zinc fnom its associate in the ore, while in 
the battery the two c^^e together again, giving back, in 
the form of electricity, the heat whiA was used to 
separate them. Thus tjjere is quitfe a direct relation 
^between the action of the- heat in tht# furnace and the 
>%fchemical action in the battery. 

* \ Over a century ago James Watt taught the world how 
to use heat to generate power. He found the ** atmo- 
spheric ” engine a crude, clumsy machine, only suitable 
for oi\e purpose, pumping water, and he turned it into 
the steam engine not much different from the steam 
engine of the present day. Since his time there has been 
constant improvement, though nothing to compare; with 
the great advance which the heat engine iflade in his 
hands. Yet still it is most wasteful, for its function is to 
change the power for work latent in coal into active 
power of which we can make use, and it loses at least 
85 per cent of it in the process. 

* At first sight this seems to be but a fanciful conjecture, 
or at any rate only a rough approximation, for who can 
tell the amount of work stored in coal ? Coal can, we 
know, when burnt, generate heat ; but that is not power, 
and to state that a certain amount of heat is equal to a 
certain amount of power is comparing, so if seems, two 
things which are not comparable. It appears about as 
reasonable as to say that a gallon of water is equal to 
half an hour, or some nonsensical statement like that. 

It is a fact, however, that we can gauge very accurately 
the value of th^ he^t in coal, and tell what amount of 
work an ideally perfect engine would get out of it. 

To^see how this is done we must, first of all, see how 
^tonmsure quantities of heat. The thermometer will not 
55 



Tl^e Basis of Many Inventions . 

do this, for it tells us only what we might term’tlic 
** level of the heat in a certain ^bstance. It does not 
tell us the quantity of heat which the substance contains. 
The level or height* of water in^a vessel does not by itself 
tell us the quantity of water fa that vessel. If, however,^ 
we take a properly made vessel of a standard size anck^ 
itill it up to a certain point, we know that we have got 
gallon ; and in the same way, if we take a certain sta^idard 
substance and fill it with heat up to a certain height,” 
then we obtain a measure which expresses quantity of 
heat just as the ghllon expresses quantity of water. 

The substance which we use is one pound of water, and 
the quantity of heat which raises its temperature one 
degree Fahrenheit is the measure of heat-quantity or the 
thermal unit. 

That this thermal or heat unit is quite different from 
the temperature is shown by the fact that we can use 
one unit to raise half a pound of water two degrees, or 
two pounds of water half a degree and so on. 

Now, if we take a certain quantity of any fuel and 
make it up into a cartridge, with sufficient oxygen for it 
to be completely burned, we can bum it in a vessel under 
water, so that all the heat generated will pass into the 
water. A th§rmometer will tell us by how many degrees 
the temperature of the water is raised, and, knowing the 
quantity of water, we can easily calculate from that how 
many units of heat were evolved by the burning of that 
qua^^tity of fuel. Thus .we are able, experimentally, to 
determine the number of heat units |)er pound in different 
fuels. This is usually termed the calorific value of the 
fuel. For wood it is about 7000. For coal it Mries 
according to the quality, but 14,700 is about the avffisige. 
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We See, therefore, that we can measure the quantity of 
heat stored in fuel. No^^ we will see how to^easure work, 
and then, if we can find some connecting link between the 
two, we shall be able to tejl precisely >X^hat proportion of 
heat energy of the coal becomes converted into 
‘mechanical energy in an engine. 

*\|n the early stages of his investigations into the use ^ 
of the«steam engine. Watt became conscious of the need 


Fig. 15. 



This shows how Watt found the value of a borse>power. 


for some measure by which he could state the rate at 
which an engine did work. The power of the horse struck 
him as being a convenient standard, so he made experi- 
ments to find out what a good strong horse could do. He 
fixed up a pulley over the mouth of the shaft of a coal pit 
and passed a rojje over it, with a weight of 150 lbs. tn 
one end. The other en^ he attached to a horse so that 
when it walked it pulled the. weight up out of the pit. 
He foi^ that the horse could lift the weight at the rate 
of 220^eet per minute. Now, 220 multiplied by 150 
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comes to 33,000, and so the horse-power,** the unit by 
which the wc^king power of ei^ines is now measured, 
is 33,000 foot-pounds per minute. 

The term horsd-power, thep, is a unit for expressing 
the rate at which an engine^ does work, and the imit of 
work is the foot-pound or the work done in lifting a pound ’ 
I foot high. This, of course, does not simply mean i 
single pound a single foot, but is equally applicable, to 
any quantity of either. For example, 2 lbs. lifted a foot 
liigh would be 2 foot-pounds; 5 lbs. 6 fe,et high 
would be 30 foot-pounds, and so on. In short, the multi- 
plication of the number of pounds which it lifts by the 
number of feet through which it lifts them in a minute 
gives us &n accurate means of estimating the work done 
by any engine. And If an engine is capable of doing 
33,000 foot-pounds of work in a minute, it is said to be 
of I horse-power. If it does 330,000 foot-pounds in a 
minute, it is doing work at the rate of 10 horse-power, 
and so on. 


The next thing that we need is the connecting link. 
We |;ive the engine heat I it gives us in return work. To 
know how well or badly it is doing its duty we must find 
how man^ heat units are equal to a foot-pound. That 
is called the ** mechanical equivalent of heat.*’ 

The "mechanical equivalent*’ was first determined by 
Dr. Joule, of Manchester, about the middle of the nine- 
teenth century. It was the result of a number of experi- 
ments, one of which will suffice to make Jthe idea clear. 

He arranged a cylindrical y^ssel ‘of water, with a 
vertical shaft in the middle, and attached to the shaft 
a series of arms or paddles. Fixed to the too^of the 
shaft was a drum, around which a cord was wotmd, ajid 
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the end of the cord was taken over a pulley so that its 
loose end hung down Vertically and supported a weight. 
The effect of the weight was to pull the cord, thereby 
turning the shaft, and violently agitafing the water. In 
other words, the water tenSed to resist the movement of 
The paddles and the rotation of the shaft ; and the energy 
u^ed in turning the shaft against this resistance would* 
thereiorc be turned into heat at the point of resistance. 



Fig. l6. This shows the principle of the apparatus by which Dr. Joule 
discovered the ''mechanical eiiuivalent.*' 

namely, in the water. This generation of heat dways 
occurs when work is done against resistance, as when we 
rub out a pencil mark with indiarubber and the rubber 
and paper become heated, the mechanical energy used 
being converted into heat. The mechanical energy of 
the falling weight was therefore converted into heat in 
the water. Now, the experimenter knew the amount of 
mechanical used, for he knew the number of pounds 
in his weight and how. far it fell. By means of a delicate 
thermometer he was able to tell the rise in the tempera- 
ture of the water ; and knowing the quantity of water in 
\is apparatus, he was able to calculate from that the 
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number of heat units developed in the water by the falling 
of the weight, knew, of cours^ that a certain amount 
of heat must have escaped, and that a certain amount of 
mechanical energy' was left in|the weight, too, when it 
struck the ground, owing to its momentum ; but he was, 
able to make correct allowances for these and to detei^, 
^ mine that it took 772 foot-pounds of mechanical energ^^ 
to produce a unit of heat. To put it plainly, i heatainit 
equals 772 mechanical units or foot-pounds, or, according 
to later cmnputations, 778. , 

Of course, this experiment works the opposite way. to 
the heat engines which we arc discussing. They convert 
heat, into work, while Dr. Joule’s apparatus converted 
work into Tiieat. Still, unless our fundamental ideas as to 
the constitution of the universe are all wrong, what is 
true one way must be true the other, and if a unit of 
work is equal to tIj of a unit of heat, then a unit of heat 
must be equal to 778 imits of work, even if we cannot 
find a satisfactory way of converting the heat into work. 

Therefore, for every pound of coal which is burnt under 
the Iwilers of a steam engine, we ought to get back an 
amount of work which we can calculate by simply multi- 
plying the calorific value by the mechanical equivalent. 

In a technical table-book of repute recently published, 
it is stated that the average consumption of coal in a 
good compound condensing engine is 2 lbs. per horse- 
power per hour. The heat units in the 2 lbs. of average 
coal should give 22,873, *200 foot-pounds ^f work accord- 
ing to our theories. A horse-power for an hour is, of 
course, 33,000 foot-pounds, multiplied by 60, which 
equals 1,980,000. Put briefly, then, this average high- 
class engine scores 2,000,000 out of a " highest possible 
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of 22,000,000. The percentage works out at about 9 per 
cent. 

Now, the idea that the power of the engine is due to 
the actual conversion of ^ heat into power is not mere 
<heory. It can be actually seen in practice. If two 
J^essels be connected by a pipe, but temporarily separated 
by nieans of a tap, one can be filled with steam, while a 
vacdtfm can be created in the other. Then if the tap 
be opened the steam will expand until both vessels ai^ 
filled (Xjually. There will still be the ?aine«^Hiantity of 
steim in the apparatus, only it will be thinner— more 
attenuated. The temperature will have fallen also, for 
the same quantity of heat which was contained irf the 
on(.‘ vessel will be distributed between the two. Unless, 
however, some has escaped through the walls of the 
vessel, there will still be the same amount of heat in the 
apparatus. If, however, on its way from the steam 
vessel to the vacuum vessel we make the steam do work, 
drive a small turbine, for instance, or push a piston, we 
shall find that heat will disappear somewhere. The total 
quantity of heat in the apparatus will be diminishedr and 
we shall not be able to accoimt for it by supposing it to 
have escaped. Heat will simply have gon®. Where, 
then, can it have gone to ? It has been converted into 
power. The work done by the turbine or the piston will 
be found, if measured, to account exactly for the other- 
wise mysterious disappearance of the heat. 

Now, the losfl^f 85 per cent or more of the energy of^he 
coal in the process of conversion is so striking that 
many men have very naturdlly sought to discover means 
J>y which steam engines could be improved or else re- 
placed by some l^s wasteful device for the same purpose. 
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Hence we have many important inventions in both these 
directions. 1 

As a matter of fact, however, a very large part of that 
loss is entirely inevitable in 2 ^ heat engine. The whole 
reasoning by which this is proved is too complex fop 
repetition here, but it will be enough to say that it ij.’ 
^due to the fact that we live in the midst of an ocean*^! 
heat, so that the amount of heat which we can geM-ate 
19 one place and set to work is only a small proportion of 
the total d^.t which we have to deal with. * 

The zero of the thermometer does not denote the entire 
absence of heat. In the Centigrade scale it signifies freez- 
ing ^int, while in the Fahrenheit scale it is but 32 degrees 
below, and we are able without much difficulty to produce 
much lower temperatures than those. We are forced to in- 
dicate them by using the numbers of degrees backwards- 
way when they pass the zero point, and putting the 
algebraic sign for minus in front of them. We cannot, 
however, by any means known to man, get down 
to the real zero, the point, that is, where there is no 
heat%at all. That point, however, can be determined 
theoretically, and it is useful in many calculations, among 
them the one we are now concerned with. It is called the 
** absolute zero.*’ 

If a thermometer be made of a plain glass tube, without 
any bulb and filled with air instead of the usual mercury, 
we have a very delicate and sensitive thermometer. In 
such a case we must have a little pellet pf^mercury in the 
tube to act as a piston and indicate the expansion and 
contraction of the air. No\^, if such a thermometer be 
made so that the column of air is 37*3 inches high wheiv 
at the boiling point of water, or 100 degrees (using the 
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Centigrade scale for a moment), and we then cool the 
apparatus down to freezing pointy which isi> degrees, the 
pellet of mercury will fall just lo inches or ~ of an inch 
for every degree. From tti|t we can reason that, could 
we go on making the apparatus colder and colder in- 
definitely, the air would contract ~ of an inch for every 
Jeg^-ee of cold, a process which would apparently only 
end when the temperature of tninus 273 degrees Centi- 
grade was reached. We may never be able to reach ^ such 
a terrible degree of cold as that except in imagination, 
but the theoretical zero which we are thus able to deter- 
mine is useful. Its equivalent on the Fahrenheit scale 
is minus 460. • 

Now it must be understood that we are only able to 
make heat do work when we have a difference of tempera- 
ture. Water will not flow from one tank to another at 
the same level, but if the water-level in one Is lower than 
th|it in the other it will flow voluntarily, indeed it will 
flow with such energy that we can make it do work on its 
way. In a similar way heat will not flow from one body 
to another unless the second one be colder than the f^st. 

Thus, If we use heat to expand water into steam as in 
the steam engine, or to expand certain ga^s, as in 
the internal combustion engines, we can make the ex- 
pansion do work. The act of doing work will, as already 
explained, cause the disappearance of heat, and so the 
gas or steam will become colder and colder until it 
reaches the temperature of its suitoundings, after whieh 
it will do no more work. The work which we can obtain 
is thus limited on the one hand by the highest tempera- 

It has been very neariy reached, by the evaporation of Liquid 
Hydrogen. 


63 



The Basis of Many Inventions 

ture which v 5 e can obtain, and on the other by the lowest 
of which we km make use. 

I have before me at this moment some particulars of 
a new and large generating s^ion, belonging to a Govern- 
ment department, designed by some of the best experts 
and carried out regardless of first-cost, so that we may 
fairly regard it as the best thing of its kind that caij l)e 
produced at the moment. In this case the steamhcnters 
,the engine (a turbine) at a temperature of 550 degrees. 
It passQg>. frpm the turbine to a condenser at a temperature 
of about 100 degrees, and it is that difference between 
550 and 100 which enables it to do work. We will call 
that difference the available temperature," since it is 
the tem^rature which is available to do work. 

Now the highest possible efficiency of that plant (judged 
from a purely theoretical standpoint and ignoring for the 
moment all those imperfections which occur in even the 
best made machines in actual practice) is the proportion 
which the available temperature bears to the total 
temperature concerned, that is to say, the 550 degrees 
reckoned from the absolute zero. The available tem- 
perature is 550 less 100 degrees ; the total temperature 
concerned in the transaction is 550 plus 460 or 1010 
degrees. Therefore the proportion of 450 to 1010 repre- 
sents the highest possible efficiency which could be at- 
tained (even if theoretically perfect) in an absolutely up- 
to-date steam plant, and it will be seen at a glance that 
a& 450 is less than half 1010 it is less (han 50 per cent. 
To be precise it is 45 per cent. 

And here I am going to put in a word for the usefulness 
of mathematics, a much abused because little understo^ 
subject. Many a schoolboy wonders why he is a£ 9 ict^ 
• 64 
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with it, and not a few fathers have thoimit that their 
sons might be better employed in leammg something 
else. Beyond being able to add, multiply, and do the 
other simple forms of ariftimetic, there is an idea that 
mathematics is but a useless form of mental gymnastics. 
Moreover, from the fact that it is necessarily introduced 
t)y ^arithmetic, which is to some people a most abhorrent 
subject, it is thought to be abhorrent throughout. 

Now, as a matter of fact, arithmetic is but the» 
mechanism of mathematics, and its m-^re^impleasant 
forms, such as long addition, trouble the commercial 
man far more than they do the engineer. Some of the 
greatest mathematicians, indeed, have been poor^hands at 
arithmetic. So it is not so unpleasant as it at first ap- 
pears to be. And its usefulness becomes more and more 
apparent th^ more one knows of it. 

The statement which I made just now as to the effi- 
ciency of a certain high-class steam turbine is under- 
standable in a way, but its true meaning and the infer- 
ences to be drawn from it arc ever so much clearer when 
expressed in mathematical form, and so they will furnish 
a simple illustration of the use of mathematics. 

What is the proportion of one to two ? The former 
is one-half the latter. Mathematically we express it 
by putting the first figure over the second in the form 
of a fraction, thus }. In the same way we can express the 
proportion between the available temperature and the 
total temperatui% by a fraction : or it will be 

simpler still if we state all the temperatures in the number 
of degrees above the absolute zero. Then we get this 
fraction : 55?. 

Now that fraction represents th^ proportion between 
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the availableltemperature and the total temperature, 
or, in other wOTds, the maximum efficiency of the turbine 
we are talking about. And if we can so change the 
figures in the fraction that w#*can make the value of the 
fraction greater we shall find a way of making a better 
engine. Let us see what we can do. 

Evidently the best thing to do would be to reduce fhe 
560, for if we could entirely get rid of that we shouW get 
gvo* which is the highest possible value for the fraction, 
and the»«<Mir engine would have an efficiency of joo per 
cent. 

But that we cannot do because of the nature of steam. 
As we shaJl see in a subsequent chapter, the temperature 
at which steam collapses into water depends upon the 
pressure. At no pressure at all (not even the normal 
pressure due to the atmosphere) it condenses when it 
reaches about 100 degrees. At 100 degrees Fahrenheit, 
then^ it ** goes on strike,*' as it were, and refuses to do 
any more useful work. Therefore we cannot reduce 
the 560. 

Nor can we reduce the 1010 with advantage, for the 
numerator of our fraction is less than the denominator, 
and if inwthose circumstances we reduce both equally we 
reduce the fraction. We can see this in a simple way, for 
if we take i from both numerator and denominator 
in, say, f, we get J, which we know is less. It is the same 
with any other fraction, and so if we reduce the 1010 we 
sfiall only make things worse. , 

Can we do any good by increasing the 1010 ? Yes, we 
can, for in just the same way, by adding i to each of 
the two figures which form the fraction § we make it into 
}. which is of higher value, and so any increase in the 
• 66 
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1010, although the same increase has to jfo on both the 
numerator and the denominator, will improve our engine, 
for it will increase the vajue of the fraction. 

Now what I have just eicplaincd has taken time to set 
forth, but to anyone who is but slightly accustomed to 
handling figures like this, all that I have said is almost 
self-apparent the moment the state of affairs is put into 
the nfathematical form. 

The result of our investigations, then, Is that the only 
way to* improve the theoretical efiicieiK} vvf 11ie steam 
turbine mentioned is to increase the highest temperature, 
or, in other words, the temperature at which steam is fed 
into the engine from the boiler. And there, practical 
difficulties present themselves, which, at the moment at 
any rate, are insuperable. 

It is interesting to speculate, for a moment, on the 
different state of things that would exist if our normal 
tejmperature were much lower than it is. For insl;;ince, 
if we lived habitually at, say minus 300 degrees (or it is 
handier to call it 186 degrees above absolute zero, or 
186 degrees (absolute)), the problem of the heat engine 
would be very much simpler. There would be no water at 
such a temperature, only ice. Nor would there be any air, 
as we know it, but it would probably be liquid and might 
play much the same part in our lives as water docs now. 
It boils at about 186 degrees (absolute), just as water 
does at 212, and, no doubt, we should be able to use it for 
driving engines. « When it boils it gives off vapour (which 
is air really) just as water gives off steam when it boils. 

Now supposing that we w^e able, under such strange 
conditions, to make a fire at all, we could put some liquid 
air in a boiler and turn it into vaporous air just as we can 
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turn water in^ steam and use it to drive our engine. 
Suppose that our fire was able to provide the engine 
with air at 636 degfees (absolut^e), and that we were able 
to condense it at 186, then we Ihould have the same avail- 
able temperature as we had in the steam turbine referred 
to just now. The highest possible efficiency would, how- 
ever, be very different. Expressed mathematically, it 
would be like this, which works out at nearly 

per cent, instead of the 45 which we are able to get 
from the*!famo-ftvailabIe temperature under the ordinary 
terrestrial conditions. * 

We may say, then, that at the moment the best possible 
steam engine, even though it were theoretically perfect, 
as we know it cannot possibly be, could not get 50 per 
cent of the value of the coal used and turn it into work. 
Still, between the 45 per cent and the 10 pex cent or so 
which engines actually accomplish, there is a huge gap 
with plenty of scope for inventive power. How this 
preventiblc loss is being tackled, both in the steam engine 
and the gas engine, we shall see in subsequent chapters. 
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CHAPTER VI 

INVENTIONS IN THE COLLIERY 

Coal is the foundation of all modern industry^ Whoio 
coal is^ there the factories spring up ; -;'^reit is not, 
the^ land is given over to cultivation, or is left unused. 
No country which does not possess an ample supply of 
coal can hope for eminence as a manufactiy*ing com- 
munity. Some few countries, it is true, have water 
power which, to a certain extent, takes the place of coal, 
and there is the possibility that in the future we may 
discover some other way of generating heat and power, 
blit that seems to be far off— there is no practicable 
proposal in sight at present — and so for many years to 
come coal is likely to be one of the most valuable and 
needful of the products of the earth. • 

And, unfortimately, it is as hard to get as it is desirable. 
For it lies deep down underground — there is^«a coal pit 
in Lancashire nearly 3500 feet deep — and the men who 
get it have to work in the dim light of candles or of safety 
lamps. They have to labour, too, in the heated and 
impure atmosphere of remote workings, sometimes miles 
from the shaft and therefore from communication with 
the open air. In thin seams they have not room to stand 
upright, but must be contimlally in a stooping position, 
^d when to these discomforts we add the risks due to 
occasional explosions in the mines, and the still greater 
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risks of indiv^ual accidents from falls of material from 
the roof of the workings, we must feel that the coal- 
miner’s lot is not altogether an attractive one. 

The inventions which have" been made in connection 
with collieries arc therefore of two kinds. Those which 
enable the coal to be broken, brought to the surface, 
and disposed of expeditiously when it has arrived there, 
and those which have for their object the prevention 
<ff* accidents and the improving of the lot of the miner. 

In orefiJr t«iakc clear the purpose and measiing of 
most of these inventions, it is necessary, briefly, to 'ex- 
plain the construction and working of a coal pit. To 
commence with, the coal lies in a bed or scam, sometimes, 
as in South Staffordshire, as much as 33 feet thick, 
but in other cases only a few inches thick. ^ Some- 
times the seam lies in a horizontal position*; at other 
times it is at a steep angle. Occasionally it ’’ crops out ” 
in th^ side of a hill, and then it may be got at by meaps 
of a drift or tunnel driven into the side of the hill, in 
which case the tunnel is generally driven downwards 
at a slight incline, and rails are laid in it along which 
trucks may be drawn. The empty trucks rim down by 
their own ^weight, while the full ones are hauled out 
by an engine. In most cases, however, the seam is 
tapped by means of vertical shafts which are dug down 
from the surface. These shafts are lined with timber, 
brickwork, or iron plates. There are generally two of them, 
one known as the downcast and the other as the upcast 
shaft, the reason there are two being mainly to facilitate 
the ventilation of the underground mine. The top of 
the upcast shaft is generally covered over and a large 

^ Seams under a foot thick can sometimes be jrorked profitably. 
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fan is made to draw air out of it. The or^y way the air 
can get in is by passing down the downcast shaft and 
through the workings to the upcast, so the fan keeps 
up a continual current o^ <resh air throughout the mine. 
In order to convey the colliers to and from their work, 
and also to bring up the coal, there is a powerful steam 
‘engine on the surface which raises and lowers two iron 
cagee^n the downcast shaft. The term cage, unlike many 
technical terms, is really a very good description of^tj^e 
thing jvhich it represents, for the cf)lliejy .<age is a 
large framework built up of steel really worthy of 
this name, as will be seen from our illustration. In 
some cases these cages arc so large as to have three 
floors or decks, one above another, and on each of these 
there are laid rails on which small trucks, generally 
called corvps, can be run. At the top of the pit is a large 
framework, called the pithead frame, sometimes of wood, 
and sometimes of steel, supporting two very large iron 
pulleys, over each of which there runs a rope. One end 
of each rope is attached to a large steel drum which the 
engine turns, while at the other end is suspended a r^gc, 
and it is so arranged that as one cage is descending the 
other is ascending ; when one is at the top, tj;ic other is 
at the bottom, and they pass exactly in the haiddle. It 
is more convenient, of course, for the men working on 
the surface that the cages should not arrive and need 
to be unloaded and reloaded simultaneously, but the 
principal reason for this arrangement is that the two cages 
balance each other, and consequently the only work 
that the engine has to do is tq raise the load on the ascend- 
ing cage. If the cages were left loose, of course, they would 
1^ apt to swing about in the shaft and knock against 
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the sides or a^inst each other, so they always have guides 
of some description. Sometimes these are of timber 
fixed to the side of the shaft, in other cases steel rails are 
used, while in others still tbei’e are vertical wire ropes 
stretching from the pithead frame down to the bottom 
of the shaft. These arc kept taut by having heavy weights 
fastened to their ends, and there are clips on the cages 
which grasp the guides and so the cages arc guided up 
^d down. 

The aj^angement at the bottom of the shaft depends 
largely upon the nature of the scam. But we will assume 
one in which the coal lies in all directions and fairly 
level. When this is the case there are from the bottom 
of the shaft a number of tunnels radiating in various 
directions. These are carried some considerable dis- 
tance before the workings commence, the reason being 
that if the coal were dug away right at the foot of the 
shaft there would be nothing to support the earth around 
the ^aft, and the shaft itself would probably collapse. 
Therefore this huge block of coal, often as much as 
loc^ acres in extent, is left at the foot of the shaft, 
pierced only by these tunnels, which are made as 
small as gossible. After they have proceeded to a safe 
distance, however, branch tunnels are constructed, 
branching off in various directions, somewhat as indicated 
by the plan in diagram Fig. 17, and at this point the 
working of the coal begins. To the right and left, at the 
ends of these branch loads as they are called, another 
tunnel is made, so we may picture to ourselves a long 
tunnel joining the ends of alf these roads, and the wall of 
this tunnel farthest from the shaft constitutes the face 
of the coal. The miners work in small gangs, each gang 
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being allotted a certain length of " face / to work at, 
this length being known as a stall.” Some of the men 
break the coal down while others load it into corves, which 
run on temporary rails, l^ese, when loaded, are pushed 
to the nearest main road, where they arc made up into 
trains and hauled sometimes by horses, but often by 
^mechanical means, to the foot of the shaft. The roof of 
the workings, that is to say the earth above the miners' 
heads, has to be supported while they work, thisrit 
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Vig. 17. Typical plan of a portion of a coal mine worked on the “ Long- 
wall” method. TTie black part represents coal, the hatched part the 
“goaf” or old workings from which the coal has b«cn taken, and which 
have been allowed to wll in. Roads” arc maintained through the goaf 
to enable the men to get to their work and the coal to be taken atay. 
Dotted lines represent roads which have served their purpoM and been 
allowed to fall in. 


done by means of temporary timbering, vertical wood 
props with beams across them. It is not necessary, 
however, to keep the whole mine supported in this way, 
it is quite sufficient if a space is kept clear just by the 
face of the coal. As the coal is dug away and the face 
recedes farther and farther away from the foot of the shaft, 
fresh timbering is put up, the old removed, and the roof 
allowed to settle down. This, in time, causes the land 
^iJ>ove the mine to sink also, a source of great trouble 
when there are buildings upon it. 
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That is a \)rief review of the arrangement of a coal 
mine, somewhat ideal, of course, and not applicable in 
every case, because, as I remarked just now, the arrange- 
ments depend so largely on Ae natural circumstances of 
each mine, but what has been said will enable us to under- 
stand the working of the various contrivances which I 
am about to describe. 

One naturally thinks first of the sinking of the* shaft, 
.^[bic^is. of necessity, the first operation in constructing 
a coal nSne. _Jhis is sometimes a very simple operation. 
If the strata which have to be penetrated are soft •and 
dry the material is simply dug away, and the lining of the 
shaft, whatever it is to be, is built round it. There are 
often, however, one or more strata of rock, and when 
such is the case it has to be blasted through. That diffi- 
culty is not hard to overcome, it simply means more 
labour. Quite different is the case where a stratum of 
wet sand is encountered. There great ingenuity and 
skill* are called for, for although in some cases the water 
can be pumped out and the strata made dry, that is 
often quite impossible, for as fast as the water is pumped 
away other water soaks through from the surface, and so 
the supply is practically inexhaustible. Moreover, the 
sand itself flows almost as if it were water. 

Of recent years a remarkable system has been invented 
for dealing with troubles of this kind. It is possible, of 
course, to sink small shafts, or bore-holes as they are more 
often called, a few inches in diameter, through anything, 
for the work can be all done from the surface. These 
holes are bored on much ,the same principle as a car- 
penter bores a hole in a piece of wood with an auger. 
The tool itself, which may be of a variety of forms to 
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suit the particular stratum which is being |vorked upon, 
is fixed to the end of a rod and the rod is turned roimd 
and round, or else jumped up and down, by any suitable 
mechanical means. In some cases both movements 
are carried on at the same time. As the tool cuts its way 
down through the earth additional lengths of rod are 
screwed on. Even hard rock can be penetrated in this 
way/ the tool in that case being provided with a ring of 
diamonds which will cut through the hardest substaj^rf^ 
known,* while the water-logged stratum pseftnis no 
diffn;ulties at all for this method. Unless the bore-hole 
is entirely through rock or other waterproof substance, 
the hole, as it is made, is lined with steel tubes, and thus, 
when the water-bearing stratum is reached, the boring 
tool quickly passes through it, to be followed immediately 
by the tube. The latter shuts all the water out, and so 
the hole is completed without trouble. The above method 
is^ often used for sinking wells for obtaining water, and 
since the hole is lined with tube such wells are called 
tube wells, but when they are made in connection with 
mining operations they are referred to as bore-holes. • 

A reader of the above will be inclined to ask what 
becomes of the earth, rock, etc., out of the hole. The 
carpenter's auger sends up a stream of chips or shavings, 
and it is evident there is something to be got rid of in a 
similar way when making a bore-hole. The explanation 
is that the hole is bored a few feet at a time, and then the 
rods with the boring tool at the eiid are drawn up, arid 
another kind of tool is let down the hole. Thus the 
debris is scooped up if it be in small pieces, or drawn out 
i^ as is sometimes the case, it is a solid core of hard rock. 

We see, then, that what is sometimes a formidable 

♦ 
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obstacle to tjie sinking of a large shaft is no obstacle at 
all to a small bore-hole, and that is the real secret of this 
interesting method of shaft-sinking. 

A number of bore-holes •are sunk forming a ring, 
slightly larger in diameter than the shaft that it is pro- 
posed to dig. These holes are carried down until the 
water-bearing stratum has been passed. Then a tube 
of small diameter is lowered down into each bore^hole, 
_and thrniiph it is pumped a liquid known as brine. The 
brine ^feses ^own the small tube and out at the •bottom, 
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Fig. l8. Diagram showing the method of sinking shafts through wet strata 
freenng. The dotted circle indicates the proposed shaft, the small 
circles the bore-holes by which the ground is frozen. 

then flowing upwards through the bore-hole itself. Now 
brine consists of water in which certain chemicals have 
been mixed which render it non-freezable. By means of 
a refrigerator, the working of which is explained in another 
chapter, this liquid is made very cold, well below freezing 
point, and consequently, when it circulates through the 
l*)re-holes it gradually causes the surrounding earth 
to become frozen solid. The column of frozen earth 
around each bore-hole gra$lually gets larger and larger, 
until it meets and unites with the adjacent colunms, 
and then there is a solid wall of frozen material all round 
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the space in \^ich the shaft has to be dug. It is then 
possible to dig through the wettest stratum, just as if 
it were dry ground. The brine has to be kept circulating 
continuously day and night, ^til the lining of the shaft 
has been put in and the shaft itself made waterproof. 
Then the brine pumps may cease, the inner tubes can be 
(frawn up, and the bore-holes abandoned. 

It is needless to say that the wonderful modem power, 
electricity, is making its way into the coal mines. For , 
some things it is eminently suited for the purpose. It 
used*to be the custom to drive underground machinery 
by steam from boilers on the surface, but that was a most 
wasteful proceeding, for during its long journey the steam 
became cooled and partially condensed, and therefore lost 
a great deal of its power. Nothing of this sort happens, 
however, with electricity fiowix^ along a wire. If a cer- 
tain quantity be pumped in at one end by a dynamo, that 
aiqount will come out at the other end. It is true that a 
c^ain amount of energy is consumed on the way, owing 
to the resistance which the wire offers to its passage, but 
that is very trifling compared with the immense loss 
which occurs when steam passes through a long pipe. 
Against the use of electricity, however, it is sometimes 
urged that its propensity for rn^Ung sparks i8*a source 
of danger in the mine. In theory this can be entirely 
obviated, but in the rough and tumble of actual working 
in the remote parts of a coal mine it may not be possible 
always to avoid such dangers. StBl, H is being largely 
used for working such things as pumps, for hauling the 
trains of corves along the maip roads, and also for coal- 
ci^ting machines. 

Electricity, however, has a rival for this kind of work 
• 11 
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in compressed air. The air is compressed on the surface 
by means of a pump driven by a steam engine. It then 
passes through pipes down the shaft to wherever it is 
required. It can be used afiywhere with perfect safety, 
since it has no power to cause sparks or set light to any- 
thing. On the other hand, it has a certain value apart 
from the work it does, inasmuch as it is liberated when it 
has performed its task, and so forms a supply of fresh 
^ air in parts of the mine, perhaps, where fresh air is none 
too plentiful. 

The coal-cutting machines referred to Just now are 
interesting inventions. To imderstand their working 
we must see for a moment how the collier gets the coal 
by hand. He first of all ** holes ** the coal, that is to say 
cuts with his pick a deep horizontal groove in the coal 
at the bottom of the seam, or in some cases in the clay 
which usually underlies the coal. As he does this he 
generally props the coal up with short pieces of wood 
knSwn as sprags. When he has done this for a sufficient 
length he knocks the sprags away, and in some cases 
the mass of coal falls down of its own weight. In other 
cases, however, it has to be forced down by driving wedges 
at the b^ck of the overhanging mass, or else blasted down 
with explosives. The fall of the block of coal may cause 
it to break up sufficiently to be loaded into corves and 
sent out of the mine, but if not it is broken up by hand. 

The function of the coal-cutter is generally to do the 
“ holing.** There artf several kinds of machines for this 
purpose. Most of them consist of a carriage which travels 
on rails along the face of the coal, on which the electric 
or pneumatic motor is fixed and from which projects 
the actual cutting appliance. In some this appliance 
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takes the form of a horizontal *disc with fietachable 
chisels or teeth fixed to its edge, so that it is in effect a 
circular saw. The machine turns this round, and at the 
same time travels along, th^by cutting what is practi- 
cally a wide saw-cut, either at the bottom of the seam or 
in the underclay which is beneath it. 

Another type of machine consists of a straight bar 
studded with teeth, which Is worked rapidly to and 
fro, while another type has a spindle with teeth on 
it, set in, a spiral like the thread of a screw. Tl)is re- 
volves rapidly, and the teeth cut their way through the 
coal, while at the same time, being in a spiral arrange- 
ment, they tend to clear out of the cut the loose matter 
which they produce, the ** sawdust you might almost 
call it. 

Yet another type has a chain something like a magnified 
bicycle chain with chisels attached to the links. This 
chain is endless, that is to say has its two ends connected 
together, and it is stretched over two wheels. One of these 
is at each end of a steel arm, or jib," to give it its tech- 
nical name. One end of the jib is attached to the machine^ 
and the wheel at that end is turned by the motor. That 
causes the chain to travel round and roimd, so that the 
chisels are continually moving along one side of the jib, 
round the wheel at the other end, and back along the other 
side. Then, when the arm is brought against the coal, 
the travelling chisels cut it as a saw would do. 

These, we see, are all much of the same nature and 
work in much the same way, namely as a saw, cutting 
their way through the coal or clay. 

There is, however, another l^d of machine altogether. 
These may be described as automatic chisels or picks, 
79 



Inventions in the Colliery 

worked compressed air. There is an air cylinder 
generally mounted on wheels, while inside the cylinder 
is a piston with a piston rod projecting through the end. 
The chisel is attached to thftjnd of the piston rod, and an 
automatic valve causes the air to be admitted, first at 
one end of the cylinder and then at the other, so that the 
piston rod is alternately forced outwards and drawn 
inwards. Thus the chisel is made to strike a. rapid 
succession of blows upon the coal. Of all these machines, 
those^which have a disc are the most used. 

And now I find I have written quite enough to form 
one chapter, but as there are many more inventions 
of great interest connected with collieries well worth 
description, I shall deal with them in the next. 



CHAPTER VII 

MORE INVENTIONS IN THE COLLIERY 

• 

At some collieries as many as five hundred full tmcks are 
raised from one shaft every hour. In order to deakwith 
such a large number of trucks the cagc»are often made 
with three floors or decks, and consequently the unloading 
and loading of them ia not quite a simple matter. It 
would be impossible to raise the cage until one floor was 
level with the surface, push off the full trucks, and push 
on some empty ones, then move It until the next floor 
was level with the surface, do the same thing, and then 
again for the third floor. That would mean far too great 
a waste of time, so several very ingenious arrangemeifts 
have been made by which the three floors can be unloaded 
and reloaded at the same time. One of the most interest* 
ing of these is sho^vn in illustration Fig. 19. At each side 
of the main cage (the one which goes up and dqwn the 
pit) there is another cage which only moves *a short 
distance. These two cages are. In their normal position, 
so placed that their floors are level with the three floors 
of the main cage when it is at the top of the pit. 

It is always arranged that the trucks containing the 
coal shall leave the cage in one direction, while the empty 
ones shall come from the other (hrection, We will assume 
that in this casethe movement isfrom right to left. As soon 
as the cage arrives at the top, the two trucks on its top 
F 81 ' 
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floor are pushed away to the left and two empty 
ones are pushed into their place. At the same time, the 
two full trucks on the second deck are pushed on to the 
second deck of the left-haiftf cage, while two empty ones 
from the right-hand cage are pushed into their places. 
The bottom deck is cleared and reloaded in the same way 
and at the same time. Thus all three decks are cleared as 




quickly as one could be, and the middle cage is then ready 
to pursfle its downward journey once more. 

While it is going down and up again, the side cages 
are raised by hydraulic power until their middle decks 
are level with the surface. Then two full trucks are 
pushed ofl the left-hand one and two empties " on to 
the right-hand one. Next they are raised a stage further 
so that their bottom dec^ come level with the surface, 
after which they return to their normal position ready for 
the next time the main cage comes up. 

8a 






A THRKK-I)R<K CoiJ.lKRY Cagk 

Thi» is the kind of conveyance in 'wbkh a collirr Roei to bis work and l>y 
which the result of Us labours is brought to the surfa«,e. It has three floors, as 
described in the te®, and it will Ijc noficeri that there is not room on any of 
them for a man To stand upright. 
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Our next illustration (Fig. 20) shows an arrangement 
for a similar purpose which is sometimes used at the 
bottom of the pit. Theje are four small cages hung 
by two wire ropes which pass over pulleys. The full 
trucks of coal from the workings, we will assume, arrive 
from the right at the level A, B, while the empty ones 
pass away to the left at the same level. When it is at the 
botibm of the shaft, the main cage stops with its top 
floor at this level, and so the empties can be pushed 



straight out off the top deck and the full ones pushed 
into their places. Those on the middle deck 'are dealt 
with in the same way, at the level C, D, and those on the 
bottom one at E, F. Then the cage is ready to return 
to the surface. While on its journey the trucks are 
handled as follows. The empties at C, D are pushed 
into the small cage i, and at the same time some full 
trucks are pushed into No. 2, and the weight of the full 
trucks in No. 2 causes the cage to drop down to the level 
0 # C. D, at the same time pulling cage No. i (which only 
contains empties) ^o the top. 
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Cages 3 and 4 serve the bottom deck of the main 
cage in precisely the same way, and as cages i and 3 
are made a little heavier than ^ and 4, no sooner are they 
unloaded than they run bade to their normal positions 
(as shown in the diagram), ready for the next time the 
main cage comes down. This arrangement, you will 
observe, is quite automatic. No power is required to 
work it, except that of the men who push the trucks 
«on and off the cages. 

Our ^lext illustration (Fig. 21) is a diagram showing 
an ingenious arrangement for handling the trucks on the 



Fig. ai. An eximple of the ingenuity dispUyed in nrranging the lines at the 
top of a coal pit 10 that the tracks of coal are handled quickly and with 
little labour. 


surface as they come from the cages. Each pair of 
lines represents a pair of rails. Empty trucks, we will 
a&ume, are waiting on the lines to the right of the cages 
ready to be loaded into them. As soon as a cage arrives 
at the surface the full trucks are pushed off it to the left 
and empty trucks are pushed into their places. The full 
trucks then run down by their own weight until they 
reach B, that piece of line being made on an incline on 
purpose. Beyond B, however, the line quickly inclines 
upwards, so that each truck quickly stops near C and then 
runs backwards, going to the left at B and through D 
until it comes to the weighing machine. When the weight 
has been arrived at, it is pushed along to one of t)\e 
tipplers, one truck going to one tippler and the next to 
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the other, and so on, alternately. In these the tnick is 
turned over and its contents shot on to a screen ; next 
it is pushed on towards and then it runs down until 
it reaches H. Here it encounters an arrangement called 
a creeper, and this hauls it up an incline to K, where it 
is level with the cages and ready to be pushed on to one 
of them and go down the mine once more. 

Tippler, in engineers' language, is not a term of re- 
proach ; it means a construction for tipping trucks^ 
It consists, first of all, of two strong iron rings largefenough 
for a truck to pass through easily. These rings are placed 
vertically, at a distance apart a little greater than the 
length of a truck, and they are supported on rollers 
so that they are able to turn easily. Between the two 
rings, and connecting them, is a deck with rails for the 
trucks, while there is a framework also connecting the 
two rings, so arranged that it holds the truck firmly 
^o that it cannot fall out even if turned upside down. 
The action of it is this : the truck is run on to the Seek 
and then the whole thing is turned over on the rollers. 
This empties the truck, throwing out the coal, which falls 
into a suitable shoot placed to catch it. The whok 
thing, with the truck inside it, is arranged so that it 
will turn right over, a complete somersault, until it gets 
back to its normal position with the deck of the tippler 
level with the rails leading to it. The empty truck is 
then pushed out the other side. 

A creeper is a simple contrivance placed between 
the rails. There is a trough in which moves an endless 
chain, and to this chain aip fixed a number of hooks. 
The trucks are pushed on tJ^the creeper, and the first 
hook which com^ along catches it by one of its axles 
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and pulls it to the top of the incline. When it reaches the 
top of the incline the chain passes down under a wheel, 
and the hooks are so arranged that when that happens 
they slip off the axle and leave the truck free. This 
simple contrivance is quite automatic ; there is no 
necessity for anyone to connect the trucks to the creeper 
at the bottom or disconnect them at the top. It is not 
one of those things which we often hear about, but It is 
jjn example of a simple contrivance which quietly does 
a lot of«work in an effective way. 



When the coal is emptied out of the trucks it falls 
on to a screen. In some cases this is simply a floor 
consisting! of bars of iron placed parallel with spaces 
between. *It slopes away from the tippler so that the 
fine coal falls through between the bars into a railway 
truck beneath, while the larger pieces slide on into 
another truck. The screens are often arranged, however, 
in a much more ingenious and effective way. Our illus- 
tration Fig. 22 is an example of this. At the top there is 
an arrangement of beams, jpid from them is suspended 
a screen formed of a trough of sheet iron with holes ijf 
the bottom. The coal falls on to the upper end of this 
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and rolls down, the smaller stuff falling through the holes 
and the largest pieces falling off the end. The coal that 
goes through the holes dro|)s on to an iron plate, which 
leads it to the upper end of Aothcr screen placed beneath 
the first one. This has very fine holes through which 
only the dust passes, while the small pieces, or ** nuts ” 
as they are called, fall off at the end. The dust, when it 
pass® the holes, falls into a hopper, or funnel as we might 
describe it, made of sheet iron. At some suitable place 
there is, a crank, or something of that sort, connected* 
by means of rods to the two screens, and this being turned 
round by any convenient power, keeps the screens con- 
tinually shaking to and fro. Thus the coal is sorted up 
into three sizes and falls into three different receptacles. 
Moreover, the fact that these screens are continually 
shaking causes them to divide up the different sizes 
much more effectively than the simple screen of iron 
bars. 

Sometimes the coal falls direct from these screens 
to the railway trucks in which it is to go away to its 
destination, but very often there is dirt mixed with-it 
which has first to be got rid of in some way. In that case 
the coal is often made to fall from the screens op to what 
is known as a picking band. This consists ef an iron 
trough, the bottom of which is continually moving in 
one direction. It is hard to see how such a thing can 
possibly be brought about, but it is really quite simple. 
The bottom is made up of plates hinged together so as 
to form an endless band, and at each end it passes over 
a hexagon roller, each side of which is the size of one of 
tfee plates. Thus it travels'^owly but steadily along, 
carrying the coal with it, and a number of men and boys 
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stand along the side of it, picking out pieces of shale o 
other foreign matter as it passes. Sometimes a broa< 
endless belt of cotton or rubber is employed instead o 
the band of iron plates. 

It is not an uncommon thing to see coal advertised a 
** hand picked,** and one naturally conjures up picture 
of people busily engaged sorting out huge heaps of coal 
Now it is needless to say that to sort out the coak fron 
a heap by hand would be a hopelessly expensive operation 
but SQiting it out by means of one of these simple con 
trivances is quite another matter. It frequently happens 
that a seam may consist of several different qualities 
of coal, and no mechanical contrivance can effectivelj 
separate them. If, however, it be put upon a picking 
band, each man will look out for one particular class oJ 
coal, and the moment a piece of that particular sort comes 
past him, he will snatch it up and throw it into a truck 
near by. Other men are at the same time on the look out 
for«the other qualities, and so the process of sorting 6y 
hand is made comparatively quick and easy. In some 
instances, these bands are as long as three hundred feet. 

In some cases dirt is got out of the coal by washing 
it with water. It is a well-known fact, and one which is 
made use* of in a number of different inventions, that if 
two things of different specific gravity be placed in water, 
the heavier one will sink to the bottom first. If the water 
be in motion, as, for instance, a running stream, it will 
then have the effect of separating the two pieces of 
material ; for, suppose that the stream carries the heavier 
one a foot before it has had time to settle on the bottom, 
it will obviously carry the^hter body a further distancf . 
Now, fortunately, the specific gravity of shale, which is 
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the commonest refuse in coal, is nearly tw ice the specific 
gravity of coal, and so this method can be used for 
separating the two. 

The simplest form of (X)^l-washer is merely a trough 
with little barriers, forming what might be described 
as submerged dams, across at intervals. The coal is fed 
on to the upper end of the trough, where it meets a stream 
of wseter running down. The water carries the light coal 
the whole way down the trough and delivers it over the 
end, but the shale has time to settle and so becomes •aught 
by one or other of the barriers. It is usual to have two 
of these, which are used in succession, one of them being 
cleared of the accumulated shale while the other one is 
at work. The difficulty of having to stop the apparatus 
in order to clean it out has led to a very much improved 
form being invented. In this the trough itself moves 
upwards, very much in the manner of a picking band, 
as the water runs downwards. Thus the shale as it is 
caught is carried up and tipped off the top end. • 

Another variety of the same machine uses a stirring 
action instead of a stream. Of course, the principle of the 
thing is just the same, because a body of water going 
round and round in a circular vessel is practically the 
same as a stream. One is going straight while \he other 
is going round a continual curve, that is the only differ- 
ence, and so far as the power to sort out a light material 
from heavy is concerned, they are just the same. The 
machine consists of a cone-shaped drum of iron, placed 
with its point downwards, and, inside it, there is a vertical 

aft or spindle with a number of arms or paddles attached 
t(^ it. The vessel is filled with water and the shaft is 
rotated by machinery, so that the water is driven round 
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with an action very similar to the stirring of the liquid 
in a tea-cup. At the same time, more water is continually 
pumped in at the apex of the cone, which you will re- 
member is at the bottom, and the coal with its impurities 
in it is fed in at the top. Thus, you see, there is the 
continual circulating of the water, and at the same time 
there is an upward movement due to the fresh water 
coming in. This upward movement is just sufficient 
^ to carry the coal upwards, and over the edge of the vessel, 
but is^not sufficient to overcome the gravity of the shale, 
which consequently settles to the bottom. Here, at the 
apex of the cone, there are two doors one above another, 
with a space between them. The upper door is first 
opened, and the sediment at the bottom of the vessel 
falls through it to the lower door ; then the upper door 
is closed and the lower door opened, and so the refuse is 
periodically removed without stopping the machine. 

At some collieries there is a large plant for converting 
thd coal into coke. Some use this merely as a means of 
getting rid of the slack and fine stuff which is otherwise 
unsaleable, for fine coal is as good as any other for this 
purpose. In fact, those collieries which make all their 
coal into coke have first to grind it all small. This coke, 
it must be understood, is somewhat different from the 
fuel which we can buy from the gasworks, and is used 
mainly in iron foundries and steel works. The old way 
to make this is in what are called ** bee-hive ** ovens ; 
they are chambers of brickwork the shape of a bee-hive, 
and they are filled with coal through a hole at the top. 
There is a small hole at the bottom, through which *a 
little air can get in, and afjer a time the heat which was Uft 
in the bricks after the previous charge had been taken out, 
9 © 
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causes the coal to catch fire. If^there were a plentiful 
supply of air, this would mean that the whole contents 
of the oven would be consumed, but since there is only a 
small and carefully regulated supply of air at the bottom, 
there is only just sufficient combustion taking place to 
heat up the whole mass and turn it into coke. When the 
requisite time has elapsed the fire is damped out, a door 
is opeded at the bottom of the oven, and the coke 
raked out. 

This is a very old idea, as is shown by a very interesting 
fact which I chanced to notice a short time ago. A few 
minutes to spare and a little idle curiosity led me to ex- 
amine the files at the Patent Office in London, to see 
what were the subjects of the earliest patents granted in 
England. Among the earliest were patents granted to the 
then Lord Dudley (a name still known throughout the 
world in connection with iron and steel) and others, giving 
a n^nopoly in the manufacture of iron, using coal which 
had been “charked.** This unquestionably meant co 31 
which had been treated in the same way that wood was 
treated to make charcoal, and the process I have just* 
described is exactly similar to the method of making 
charcoal. The patent I referred to is dated as far back 
as 1620, so the manufacture of coke is evidently *no new 
idea, when carried on in the primitive manner which 
I have described. That brings us to the modem methods 
which have been invented for the same purpose. 

There are several types of plant in use, but it will 
suffice if I describe one of them, as it will indicate the 
linte upon which they are all ^lade. In the first place, 
welnust notice, there is a lot o^ valuable gas given off 
in the process of colgng which it.is a pity to lose ; and, 
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in the second place, the charging and discharging of the 
bee-hive oven is a slow and laborious process. It has 
to be done by hand, since tjje shape of the bee-hive oven 
does not lend itself to charging and discharging by any 
other means. 

Now a modern battery of coke ovens consists of a long, 
rectangular building with a flat top, built largely, if not 
entirely, of fire-bricks. It is pierced through and through 
from side to side by tunnels, about 2 feet wide and as 
lon^as the battery is wide, namely about 30 feet. Each 
of these tunnels constitutes an oven. 

Formed in the brickwork around and under the ovens 
there are flues for heating them, and the heat is obtained 
from the gas which the ovens themselves produce. 

Sometimes they are filled through holes in the roof, 
but the more up-to-date way is by means of a machine 
called a compressor. This travels up and down on rails 
in front of the ovens. It has upon it a large box or bupker 
>^hich is filled with small coal. This can be caused to 
slide down a shoot into a kind of mould called the cake 
•chamber. The coal is made a little wet, so that it will 
bind together, and the machine compresses it into a huge 
cake, weighing perhaps 10 tons. The floor of the cake 
chambel: is separate from the rest, and the machine is 
able to slide it forward into the oven, carrying the cake 
with it. The cake is in size and shape a nice easy fit in 
the oven, and when it has been deposited in its place, 
the cake plate is withdrawn. The ends of the oven are 
then closed with doors which are luted with clay to make 
them airtight. The heat^of the burning gas in the ^es 
soon causes the coal to begin to give off gas, which fiJids 
a means of escape through a vertical j>ipe passing through 
• 9a 
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the roof of the oven. Then it goes into a large pipe, 
running the whole length of the battery, which takes it 
away to a by-product recovey plant. Here it is treated 
for the recovery of various ^nemicals which it contains, 
after which it passes back to the ovens in the flues of 
which it is burnt. 

Even then, however, the gas is not done with. The 
tar, arrfmonia, etc., have been extracted from it, and it 
has been burnt to generate heat, but it can do more work 
even yet.. For it is still very hot. Therefore the waste 
gases from the flues around the ovens are not led direct 
to the chimney, as we might expect, but to steam boilers, 
whvTe they provide sufficient heat to generate steam for 
working the colliery, and after that they pass to the 
chimney. 

In some cases there Is a surplus of gas, after all that is 
required for heating the ovens has been taken, and in 
tha^ case it can be used either for burning under boilers 
and so generating steam, or else for driving gas engines. 
The latter is the more modem practice. 

It may seem a descent to turn from the vast coke-, 
making plant to a small hook on the colliery cage, but 
what is known as the ** detachable hook is not; only a 
very clever invention, but a very valuable safeguard. 
When the powerful steam engine whirls a cage up from 
the depths of the pit, the engine-driver has to stop the 
cage in the correct position. For this purpose he has a 
powerful brake, which he can apply to the dmm on which 
the rope is wound. StUl, he may make a mistake and 
net apply the brake in time, or his brake may fail, and the 
relilt will be to overwind the cage, as it is termed, that 
is to say, pull it right up into tl^ (nthead frame, and^ it 
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maybe, throw out the men in it to the bottom of the shaft. 
It is the purpose of this hook to prevent such an occur- 
rence. It consists of three little plates of steel, of a curious 
shape, fixed together in tfieSuiddle by means of a single 
pin, so that they open and close something like a pair of 
scissors. The rope is attached to the top of this clip, 
and the cage to the bottom. The rope passes upwards 
through a hole in a plate fixed in the pithead'' frame, 
and if this clip should be pulled into the hole, it has the 
effect of closing the ** scissors," as it were. That liberates 
the rope from the cage, and at the same time grips the 
plate itself. When the cage stops in its proper place 
the clip is left just below the plate, but if an " overwind " 
takes place, the only result is that the rope is detached 
and the cage is left safely hanging by means of the clip. 
It is so arranged that the rope cannot possibly be detached 
by any other means except the drawing of this clip 
through the hole in the plate designed for the purpose. 
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CHAPTER VIII 

THE MAKING OF A “LANCASHIRE” BOILER 

The i^ay in which heat is used to drive a steam engine 
is to make it expand water into steam in a closed vessel. 
The expansion causes pressure, which is then used tQ push 
against a piston in a cylinder. Nearly everything ex- 
pands with heat, but water, when it changes into steam, 
expands about 1600 times, and it is that great volume of 
expansion which makes it so convenient for the purpose. 

Before proceeding to examine the modem steam bdler, 
it will be well to remind ourselves of a few fundamental 
facts about steam. 

You cannot make water hotter than the boiling poiht. 
If you make a cup out of paper and fill it with water, 
you can put it on the hottest part of a fire without its 
being burnt. The water will boil, and in time will boil 
away, but so long as it is in contact with water the paper 
will not bum. That is because the heat which passes 
from the fire to the paper is quickly handed on to the 
water, and any heat which reaches the water after it has 
attained boiling point does not make it any hotter, but is 
employed in turning it into steam. So the water cannot 
rise above boiling point, which is not hot enough to con- 
sume paper, and so the paper remains unconsumed. 

I At some hotels on high mountains it is impossible to 
i|ake tea. That is due to the* same cause. The pressure 
is lower there than at the sea-le^el, and so the water boils 
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at a lower temperature than usual, too low to make tea 
with. These two facts illustrate the relation between the 
pressure of steam and its temperature. The boiling point 
to which we are accustomed^ is»amely 212 degrees Fahren- 
heit, is the point at which water boils when it is subject to 
a pressure of 147 lbs. per square inch, the normal pres- 
sure of the atmosphere. And just as the boiling point 
falls when the pressure is reduced, so it rises when the 
pressure is increased. Suppose that a boiler were half 
filled <vith water, and the other half with air at a, pressure 
of 20 lbs., then the water would not boil until it was 
heated to 228 degrees instead of 212 ; if the pressure 
were 100 lbs. it would have to be 327 degrees, while at 
160 lbs. the temperature of boiling point would be 363 
degrees. The temperature of boiling point varies, there- 
fore, with the pressure. 

Another important thing about steam is its latent heat. 
If we take a pound of water at, say, the temperature of 
melting ice {32 degrees Fahrenheit), and apply about 
180 units of heat to it, we shall, if it is open to the atmo- 
sphere, raise it to the boiling point. After that we can 
add another 966 units without making anything a single 
degree hptter. All that the 966 degrees will do is to turn 
a pound ‘of water at 212 degrees into a pound of steam 
at 212 degrees. That amount of heat (enough to melt 
3 lbs. of steel) will, therefore, as far as the senses or the ther- 
mometer can tell, entirely vanish. As a matter of fact, we 
can recover it, so we know that it has only become latent. 

This latent heat is useful, in a way, because, when the 
steam in the cylinder loses heat because of the work tX 
has done in pushing the piston, it begins to con 6 en(h. 
A little of it does condense, and then the latent heat 
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/n that small quantity is liberated. It appears once more 
as sensible heat (that is, heat which can be detected 
by the thermometer), and ij^added to the steam which 
remains, thereby preventing it from condensing so readily 
as it otherwise would do. Still, the bulk of the latent 
heat remains latent in the steam until it reaches the open 
air or the condenser, as the case may be. In the former 
case i/ passes into the air when the steam condenses. 
In the latter it passes into the cold water, which is used 
to condense the steam in the condenser. In either*case 
the greater part of it is entirely wasted. 

Now when water is evaporated at a pressure of loo lbs., 
only about 876 units become latent, instead of 966. 
At 200 lbs. it is only 840, and so it goes on decreasing 
as the pressure gets higher. 

Thus the higher the pressure, the less valuable heat 
do we lose, owing to its becoming latent, a reason why 
high steam pressures are desirable. 

Moreover, a steam engine, as everyone knows, worfe 
by the steam pushing one or more pistons, first one way 
and then the other. The steam enters the cylinder at* 
a certain pressure per square inch, and it is able to exert 
that amount of force upon every square inch of surface 
which the piston presents to it. Therefore, to make a 
more powerful engine, we need to increase one of two 
things, either the pressure of the steam or the surface 
of the piston. The increase of the piston area involves 
large cylinders, and a large engine generally ; therefore 
it is, speaking generally, best to make the engine as small 
as It can be for the work it has to do, and make the pres- 
sure of the steam as high as possible. 

It is easy to see,^indeed, that an engine worked by 
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steam at, say, 50 lbs. pressure would need to be larger 
than one worked by steam at 100 lbs., if it is to do the 
same work. Therefore, we Ipve here another reason why 
high steam-pressures are mudi used in modem plants. 

In the old atmospheric engines, and in the early engines 
of Watt, the boiler was little more than a kettle. There 
was a safety valve, which allowed the steam to escape 
when it reached the pressure of i lb. per 'square 
t inch. The steam was, in fact, only indirectly the motive 
fored; for it did not push the piston, it only expelled the 
air, so that when condensed it would leave a vacuum, 
and it was the pressure of the air acting against the 
vacuum which moved the piston. 

It gradually became apparent, however, that there was 
advantage to be gained by using the force of the steam, 
as well as the air pressure, and so there grew up a demand 
for strong boilers which would be able to resist heavy 
pressures. From that time imtil now the manufacture 
of boilers has been steadily improved, until 200 lbs., 
and even 250 lbs,, per square inch is not infrequently 
•the normal pressure at which steam is raised. 

And here a little explanation is desirable as to the 
word pressure. In the earlier and more theoretical 
part of this chapter we used it, as it is generally employed 
in theoretical considerations, to mean the pressure above 
a perfect vacuum. For instance, when I said that water 
under a pressure of 20 lbs. per square inch boiled at 228 
degrees, I meant 20 lbs. including the 147 lbs. of the 
atmosphere. That is the ** absolute pressure." In 
practical engineering, however, the word pressure gene- 
rally means " gauge pressure," or the pressure shownlby 
the gauge on the boiler, and that^excludes the atmo- 
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spheric pressure. The 20 lbs. absolute pressure referred 
to just now is the same thing as 5*3 gauge pressure. 
Now that we have left theory i^hind, so far as this chapter 
is concerned, and have come to things practical, we will 
follow the usual practice and use the gauge pressure for 
the remainder of the chapter. 

The feature of a modern boiler, then, is enormous 
strcngtli to resist the high pressure. When George 
Stephenson first conceived his idea of a successful steam 
locomotive, he told a friend that it would have to be 
fitted together as carefully as a watch.” The watch 
was then the acme of delicate and painstaking work- 
ma*:ship. Nowadays a huge " Lancashire ” boiler, 30 feet 
long ind (j feet in diameter, and weighing about 40 tons, 
is constructed with as much care and attention to detail 
as any piece of mechanism, be it a watch or anything else. 

Large boilers for use on land are generally ” Lanca- 
shire” boilers, or water-tube boilers. 

A ” Lancashire ” boiler is one of those large cylin- 
drical ones with two furnaces in it, which are to be seen 
at many factories, and also at large buildings for generating * 
the steam for heating. Most people have seen them at 
some time or other. As a nile, they are almost ^hidden 
in the brickwork which supports them, little more than 
one circular end being visible. In that end are two 
circular openings, the upper half of each being closed by 
a door. Each of these openings is the end of a cylindrical 
steel pipe, which forms a flue running right from back to 
front, the whole length of the boiler. The furnaces are 
forr \ed in the front ends of these flues, and the hot gases 
front the fires pass through them to the back of the boiler. 
There they do not gp direct to the chimney, as many 
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people suppose, but enter a chamber in the brickwork, 
known as the downtake,” which leads them down 
into a flue formed in the br^^kwork underneath the boiler, 
along which they return to the front. On arriving at 
the front, the underneath flue divides into two, one of 
which returns from front to back along each side. Thence 
the gases go to the chimney. ^ 

And here a word of explanation is necessary about the 
word gas. We are so in the habit, in the ordinary affairs 
of ifte, of speaking of the gas,” thereby meailing some- 
thing which will bum, that when one speaks of the hot 
gases which leave a boiler fire and pass along the flues, 
a reader is very apt to think of gas of an inflammable 
nature, and wonder what in the world such gas is doing 
in the flues of a boiler. The explanation is that ” the 
gas ” is only one gas of many, or rather it is a mixture 
of a few gases out of many, all equally entitled to the name 
of gas. When a fire bums in a boiler furnace great 
quantities of the gas oxygen need to be dra\vn in to keep 
the fire going, and since the most abundant supply of 
“ this gas, the air, contains also about four times as much 
nitrogen mixed with it, the latter has to go through the 
fire as Veil, In the fire itself the oxygen combines with 
the carbon of the coal and emerges from the fire as car- 
bonic acid. Thus there is a continual stream of gases, 
mainly nitrogen and carbonic acid, in a very hot state, 
coming away from the fire; and to get good value, 
in the shape of heat in the boiler, in exchange for the coal 
burnt, it is necessary to carry those gases along for some 
considerable distance in' contact with the metal of. the 
boiler on the other side of which is the water to be wanned. 
That is in order to give the heat jn the gases the best 
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possible opportunity of “ soaking^’ through, as it were, 
into the water ; and it accounts ior the use of the long 
brick flues, in addition to the two cylindrical ones. 

And now we can turn to^e methods by which these 
huge steel cylinders are made. The shell of a good 
Lancashire ” boiler, although it may be as large as 
30 feet by 9 feet, is often only made of four plates. 
They have to be about 8 feet wide and 30 feet long. 
First of all they are planed in a planing machine to make 



Fig. 23. This shows how three rolls bend the boiler plates 
to a circular form. 

their edges perfectly straight, smooth, and square.. 
The machine is like a large table, on to which the plate 
can be fastened by powerful screws, and while it is so 
held a small carriage, as we might call it, travels along, 
carrying a cutting tool which tak|s a shaving off the edge, 
very much as a carpenter planes the edge of a board. 
Another carriage, at the same time, does the same to 
one end, and then the plate is turned over, and the other 
side and end treated in the same way. 

Then the plate is taken to the bending rolls. This 
macl^e consists of three rollers, two of which are fixed, 
while the third, ca^ be move^ slightly by powerful 
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screws. The arrangement of these rollers can be seen 
from Fig. 23. To start with, the plate is quite flat, 
but as it passes backwards and forwards through the 
rolls, the middle roll is siKwcd gradually downwards, 
and so the plate is gradually bent into a perfect circular 
curve. It finishes up as a drum with two rollers on the 
outside of it, and one, the movable one, inside. Then 
the movable one is detachable, so as to get the drum 
out of the machine. The two ends of the plate are then 
joined together by means of a narrow platg of steel 
(called a cover plate, because it covers the joint), which is 



riveted on. Two of the drums are made slightly smaller 
* in diameter than the other two, so that they just fit inside 
them, and so the four plates are connected together tele- 
scope fashion, being firmly fixed to each other by rivets. 

The back end of the boiler is made of a single plate 
of steel, which is heated^ until it is soft, and then turned 
over all round its edge until it forms a huge, shallow cir- 
cular dish, just large enough to fit into the end of the 
shell, where it is secured by rivets. 

The front end is different. It is not turned over on 
the edge, but, instead, a ring formed of " angle iron,'* 
or rather steel, is fitted to the shell, and the front is 
riveted to it. j - 
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** Angle iron ” (or steel) is sO" called because of the 
shape of a section across it. If such a bar be sawn across, 
its shape will appear like that shown in Fig. 24. To make 
the angle ring just referred To, a bar is bent by rolls, 
just as the plates were, into a ring, and then its two ends 
arc welded together. 

The flues which run from front to back are a very 
important part of the boiler, and are made with great care. 
The outer shell can, as far as its shape is concerned, 
take car^ of itself. That is because the pressure is jjiside 
it, acting outwards, and when that is the case, the form 
which a vessel tends to take under the influence of the 
pressure, is round. Indeed, were the boiler to be made 
any other shape, oval, for example, the effect of the 
pressure would tend to make it round. Therefore, 
since it is round to start with, it has no tendency to alter 
under the pressure. With the flues the opposite is the 
case. There the pressure is outside and is acting inwards. 
Under those conditions, the tendency is for the flue 
to be crushed flat. All the time the boiler is at work, 
therefore, the steam is tending to crush in the flues,, 
and it would actually do so, unless they were made of 
such a form as to be able to resist it. Moreover,^ there is 
the expansion due to heat to be* taken into consideration. 
The boiler is made cold, but w|en it is set to work it is 
very hot, and the greatest heaf is on the flues. The shell 
of the boiler is heated as well, but not to the same extent 
as the flues ; and, therefore, they tend to expand more 
than the rest of the boiler does, and unless some provision 
were made for it, they would push out the ends to which 
they are attached. 

Now let us, in imagination, jWatch the manufacture 
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of a boiler flue, and we^hall be able to see how these two 
forces are resisted. A plate is first bent in rolls, in just 
the same way as the large plates which we were discussing 
just now. Instead of its joflRi being covered with a cover 
plate, however, it is heated in a furnace until it is soft, 
and then it goes to the steam hammer. Here wc sec it 
placed upon a kind of overhanging anvil, so shaped that 
it reaches into the interior of the drum and supports 
it inside, while the hammer pounds upon the outside 
and yi^elds the two edges together. In that way we make 



Fig. 25. A section of a boiler flue. It is made of a plate, 

« i)ent round and the two ends welded so that it forms a 

tube. Then the flanges are bent over. 

solid, jointless steel drum, about 2 feet in diameter 
and several feet long. Then it goes to another furnace, 
where it is heated along one edge only, and from there it 
is takeiv to the flanging imachine. In this it is clipped 
down by its cold end omto a revolving table and slowly 
turned round. At the same time, a roller comes over 
and presses the hot edge outwards. Another roller 
supports it underneath, and the mutual action of these 
rollers and the revolving of the table quickly turns the 
edge over all round, until it is at right angles to the body 
of the drum itself. This turned-over part is, in engineering 
parlance, a flange, and s(| the processes known as flanging. 
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When this has been done to one ‘ end the other is heated 
and treated in the same way, so that the final result is 
as shown in the sketch Fig. 25. 

Next there are holes drived in the flanges, so that a 
number of these short pipes " can be riveted together 
into a single pipe, 30 feet or so in length, suitable for the 
flue of a boiler ; and one does not need to be an engineer 
to see how those flanges stiffen the flue, and enable it to 



resist those forces which, if they could have their way,^ 
would crush it up flat. 

And before they are riveted together there is some- 
thing else which we must notice. A number of flat 
steel rings are made with holea in them, spaced exactly 
like those in the flanges, ana between every pair of 
flanges one of these rings is placed. Fig. 26 will show just 
what I mean, and will also enable us to see what flexi- 
bility these joints give to the flue, enabling it to suffer 
compression when it tends to expand by the heat. We 
may take Fig. 26 as showing a joint when it is put together, 
and the next one, i27i as showing (in an exaggerated 
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form) how it would be^ when heated. Under these con- 
ditions, instead of pushing outwards the ends of the boiler, 
each flange springs a little and the length of the flue 
remains the same. 

The furnace is formed by means of a sort of floor 
of firebars, as they are called. They arc made of cast iron, 
and are laid parallel, with small openings between them 
through which the air can pass. Inside each flue, about 
6 or 7 feet from the end, there is a bridge, as it is called, 
of fiiebrick, on which the further ends of the; firebars 



Fig. 27. This shows (in an exaggerated form) how the joints “give” 
so as to neutralise the effects of expansion by heat. 

rest. Thus air which enters in at the lower part of the 
entrance to the flue, has to pass through the grate between 
the firebars and so into the fire. The bridge prevents it 
, getting into the flue, except through the fire. There is 
considerable skill required in forming the fires under a 
boiler. Jhe fuel has to be spread in a thin, even layer over 
the fireburs, so that enoi|gh air wall get to every particle 
of it to ensure quick ana* thorough combustion, and, at 
the same time, not a particle of air must, if it can be 
avoided, pass into the flues, except through the fire. 
If by some carelessness any small part of the grate be 
left not covered by fuel, air will get in there, and will 
quickly lower the temperature of the flues, and thereby 
impair the working of the boiler. 

In the further end of the flues, betjond the end of the 
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furnace, there are often cross-tiifees, strong pipes of steel 
riveted or welded to the flues. These have sevftW 
advantages. For one thing, they strengthen the flues 
and help them to resist thil crushing force of the steam 
which I referred to just now. Then they add to the heat- 
ing surface, for they are full of water and arc in communi- 
cation with the interior of the boiler, and so the heat can 
get through them to the water. They also form an 
obstruction in the path of the hot gases, causing the 
current Jo be broken up, and making every hot pyticle 
come into contact with the heating surface and give up 
some of its heat. 

Some boilers are fitted with cormgated flues. These 
arc very like those which I described just now, only 
they are rolled between rollers, which have flutes or 
corrugations in them. These corrugated flues might be 
likened to a sheet of ordinary corrugated iron, such as is 
iis^d for temporary buildings, bent round like a tube 
(with the direction of the corrugations running roiyid 
and not lengthwise, mind), only, of course, the corru- 
gations arc larger and the metal thicker. The corrugations^ 
fulfil three functions, just as the cross-tubes do. They 
stiffen the tubes and help them to resist collapse ; they 
increase the heating surface ; and they enable# the flue, 
when it tends to expand, to fpring inwards, after the 
manner of a concertina. * 

Marine boilers cannot, obviously, have the brickwork 
round them which a Lancashire boiler has. They 
are, therefore, made shorter, and the flues are placed 
nearer the bottom. The gases from the flues pass at the 
back into a chamber called the combustion chamber, 
which is formed oJ steel and is inside the boiler itself, 
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and thence they returii to the front through a lot of 
small tubes. Emerging from these tubes, at the front of 
the boiler, they arc led upwards by a kind of hood, made 
of sheet iron, to the chimney, so that the chimney is 
just about over the heads of the firemen, instead of being 
at the other end, as is the case with the land boiler. 

Every part of a boiler is made with the greatest possible 
care. All the holes are drilled in exactly the right position, 
and the rivets are put in, as far as possible, by a hydraulic 
machine, which squeezes them with a force of mqny tons, 
thereby making the soft, hot rivet entirely fill its hole, 
also squeezing the plates, which it is connecting together, 
tightly, and so making a very sound joint. Then the 
joints are caulked, to make them perfectly watertight. 
This means that a tool, something like a rather blunt 
chisel, is hammered against the edge of each plate, so 
as to make it swell out slightly and press upon the ad- 
joining plate. This is so effective that a well-made boiler, 
when filled with water at, say, 300 lbs. pressure per square 
inch (always half as much again as the pressure which 
|.he boiler is intended to work at), will be drop-dry.’' 
That is to say, there will not be visible a single drop of 
water w)jich has found its way through any of the joints. 

The principal fittings oi\ a boiler are the safety valve, 
which lets the steam escape as soon as it reaches a certain 
pressure, and so provides against the possibility of an 
explosion; a low-water alarm of some sort, to give 
warning, or in some way prevent damage through the 
water getting too low ; the gauge, for showing the pres- 
sure, and the gauge glass, by which the attendant can see 
where the water level stands. These will, however, be 
referred to in another chapter, I 
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CHAPTER IX 

THE WATER-TUBE BOILER 

What has been said docs not. of course, exhaust the 
various kinds of cylindj^ical boiler. There is the ^'Corftish " 
type, similar to the '' Lancashire ” but smaller, and with 
only one flue. There is the tubular boiler, in which the 
fire is underneath and the gases travel to the back 
through a brick flue, returning to the front through tubes 
which pass right through the water. The “Lancashire " is, 
however, the chief type for large installations on land, 
and the Scotch ” marine boiler for use on board ship. 
Thfy may be said to represent the latest inventions for 
the purpose of raising steam in large quantities on lines 
whicli adhere to the old ** kettle ” idea. They are, in 
fact, lineal descendants of the kitchen kettle. • 

The water-tube boilers represent a development along 
a new line. There have been many different varieties of 
the cylindrical boiler, as I havejjust said, but tliere have 
been a still greater number of water-tube boilers invented. 
Perhaps this was only to be expected, for so long as the 
cylindrical form was adhered to there was not much 
scope for variety ; but the tubular form started with 
no traditions to hamper its development, and, moreover, 
an arrangement of tubes might*clearly take many different 
shapes. Many of these have passed into oblivion, how- 
ever, so that at thei^resent time there are not more than 
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three or four different forms ifi use for land purposes, and 
of them one is pre-eminent. This is known as the '‘Bab- 
cock” boiler, having beert, invented by an American 
engineer, Mr. G. H. Babcock, and now made by the 
firm which he founded. 

The first of the kind was patented by him in 1867, but 
since then it has undergone such change that it is diffi- 
cult to say when the present ” Babcock ” boiler was in- 
vented. 



The features claimed for this boiler are its safety from , 
explosion, and the facility with which it can get up steam. 
Its general form will be ^en from the diagram Fig. 28. 
There is a small cylinder at the top, which is, in proper 
condition, half full of water and half full of steam. From 
the back end of this there depend a number of steel tubes, 
which terminate in wrought steel boxes called ** headers.” 
From the headers there spring other tubes at right angles 
to the first, pointing in the direction of the front of the 
boiler and sloping upwards as they go. At the front these 
tubes fit into other headers, which areUgonnected by short 
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tubes to the cylinder at its front erfd. The whole concern 
is into a chamber generally of brickwork, and the 
fire is made under the higher end of the tubes. 

The exit for the hot gases is at the back, and there are 
vertical partitions built up among the tubes which force 
them to pass in their journey from front to back in a zig- 
zag direction up and down among the tubes. This has the 
effect of mixing them up well, and forcing them to give 
up their heat to the tubes as they pass. 

To understand the advantages claimed for these boilers 
we need to consider for a moment what happens when we 
boil water. Everyone has seen the boiling of a saucepan 
or similar vessel of water, but few take the trouble to 
watch and see just what happens. Yet it is a most 
interesting subject, and well worth a little study. 

When a vessel of water is put on the fire it is heated 
all over the bottom, and also to a less extent at the 
side^ Now water, you must understand, is a very bad 
conductor of heat, almost a non-conductor, in fact, 
you were to try to heat a vessel of water by appl3dng 
heat at the top of it you would find it almost impossible. 
You perceive the result of this when you go foir a bathe. 
The water which feels so cold when you enter socm feels 
as if it were a warm coat around you, and you actually 
have the feeling that the water is keeping you warm. 
That is because it is such a bad c6nductor. The particles 
actually in contact with your skin become warm after a 
little while, but the neighbouring particles are so loth to 
accept the heat from them that they are not able to pass 
it on, and so, if you were to keep still in the water, you 
would soon become covered with a thin film of warm 
water almost as wjprm as yourself. The same thing 
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happens at the skin oi a saucepan or boiler, only in that 
case the heat is considerably greater than that of the 
human body, and so the particles in contact are heated 
much more, causing them to expand to such an extent 
that they become buoyant and float up to the surface. 
Thus there is a tendency for the water from the bottom 
to rise, and owing to the extra heat which that water gets 
which is in contact with the sides over that which is at 
the centre, the water at the sides rises quickest, that at 
the* centre at the bottom is drawn towards the sides to 
take its place, and the coldest water of all, that in the 
centre above the bottom, hills down to take the place of 
the last -mentioned. Thus a circulation is set up, upwards 
at the sides and downwards in the middle. It is that 
circulation, and that alone, which enables the water to be 
heated to any extent. 

The same thing must perforce occur in a boiler, only 
being enclosed we cannot see it taking place. 

“ If we let it get too hot the water in a kettle will, we all 
know, boil over. That is due to the heat at the bottom 
forming steam bubbles, which rise to the surface, meeting 
the downward current of cooler water and resulting in 
violent commotion. This causes the water to foam at the 
surface! and nm over the sides of the vessel. If, however, 
suitable partitions are placed in the vessel to ensure that 
the circulation shall be kept regular there will be no boil- 
ing over, however much the fire may be increased. 

Now in a water-tube boiler there is a very strictly 
prescribed path which the water must follow. It goes 
up the inclined tubes, then up the front headers into the 
dnim. After passing through the drum from front to 
back it descends the tubes at the back into the headers 
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there and into the lower ends of^the inclined tubes, so 
completing the circuit, through which it goes over and 
over again. It is bound to jjerform this journey very 
quickly, and so the temperatures of the various parts of 
the boiler are kept, as nearly as it is possible to have them, 
at a uniform temperature, meaning imiform expansion 
of them all, and therefore the least possible straining of 
the structure owing to the expansion and contraction. 

In the case of a boiler like the '' Lancashire," where the 
water is free to do what it likes under the influenc# of 
the heat, there is no knowing exactly what happens. 
No doubt there are certain definite lines which the water 
takes, but these probably vary a great deal owing to 
variations in the heat in the different flues, and probably 
there is some time after the fires are started before the 
circulation gets going at all briskly. That would result 
in large bodies of comparatively cold water remaining 
still for considerable periods, and therefore powerful rack- 
ing effects produced by the unequal expansion and 
traction. 

The second great advantage claimed for the water-tube « 
boiler is that small, thin tubes are used instead of the 
large shell of the cylindrical boiler. If the latter should 
burst the whole district will know of it, and, indeed, may 
suffer in the ensuing hail of shattered fragments. A tube 
of a water-tube boiler may burst, ^however, with insignifi- 
cant consequences. 

It must not be inferred from this that cylindrical 
boilers are prone to explode, for such a thing is very rare. 

In order to guard against it, however, the greatest care 
in construction is necessary, and the makers of the water- 
tube boilers contend that they could make boilers easily 

H II3 • 



The Water-tube Boiler 

to stand much heaviu pressures than the makers oi 
cylindrical ones would dare to attempt. 

Finally, the tubes can be thin. The shell and the flues 
of a "Lancashire” boiler have to withstand the total force 
of the steam exerted over large surfaces, while the small 
tubes have only very small surfaces, and can therefore be 
made much thinner. Therefore, when the boiler is started 
the heat can penetrate to the water so much the more 
quickly, and steam can be raised in a shorter time. In an 
electric-light station, for example, this is a very valuable 
quality, for there, if the day be bright, the machinery 
will be nearly all idle ; but a sudden darkening of the 
sky may need the whole plant being got to work with but 
a few minutes’ delay. 

The same advantage is valuable on a warship, which 
may be ordered to undertake an unexpected voyage at 
any moment. 

Of marine water-tube boilers there is a greater variety. 
.One type will have to suffice for example. Tt is the 
” Thomycroft,” which is largely used in the British 
Navy. 

There are four drums, one at the top and three in a 
row at ^ the bottom. All the bottom ones are connected 
to the top one by tiers of thin tubes and also by certain 
thick pipes as well. 

The whole thing is fixed inside an iron casing, and two 
fires are made in the spaces between the three lower 
drums. The heat causes the water to circulate up the thin 
pipes and down the thick ones, the latter being slightly 
cooler because of their being farther from the furnaces. 
The reason why most of the pipes are curved is to allow 
them to expand and contract with the variations in heat. 
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The methods of construction' are much the same 
whether the boiler be of the cylindrical or water-tube 
^ type. The drums are made^pf steel plates, with the 
joints either riveted or welded. 

The tubes are fixed in their places by a method known 
as " expanding.” The holes are drilled so that the tubes 
fit in them tightly, and then a tool called an ” expander ” 
is pushed into the tube and turned round. This tool is 
an arrangement of steel rollers which can be forced out- 
wards. It is inserted and turned round, the rollers being 
gradually forced outwards from time to time. This has 
the effect of swelling out the end of the tube slightly, and 
making a perfectly tight fit in the hole. 

There are a number of useful and interesting inventions 
which are used in connection with steam boilers, but they 
will be referred to in a later chapter. 



CHAPTER X 


SOME INTRRESTINC; INVENTIONS ON THE 
RAILWAY 

It would be quite easy to write a whole book on the 
subjiBct of this chapter.^ The inventions used on railways 
are simply innumerable ; but here I will endeavour to 
give a few illustrations of the direction in which the 
inventive faculty has run in dealing with those matters 
which concern mainly the safety of the travelling public. 

One’s thoughts turn naturally, first of all, to the sig- 
nalling, for the least observant passenger realizes that 
his safety depends very largely upon that. And one of 
the greatest inventions in connection with railway 
.^nailing is the interlocking apparatus. On showing to 
a friend recently a photograph of the interior of a large 
signal cabin, I was at once met with the remark, ’‘Suppose 
the man should pull the wrong lever ? ” It seems to the 
uninitiated to be* a fatally easy thing to do ; but, as a 
matter of fact, it is not, for if he tried them he would find 
many of them immovable, Wlienever a lever is pulled 
to lower a signal or to move a set of points, it locks in a 
safe position all the other levers, which might give a con- 
flicting signal or cause an accident. For example, where 
one line crosses another the lowering of a signal permitting 
a train to pass along one line would lock at danger the 
signals which, if lowered, would permit a train to pass 

* A general view of the working of railways will be found in “Engineering 
of To-day.” 
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along the other line. That is a sij-Aplc instance which will 
make the idea of the thing plain, but in a cabin of any size 
the levers are interlocked in a most complicated manner. 

The actual mechanism by which it is done is, however, 
very simple. Placed in some convenient position near 
the row of levers is a locking trough. This is a piece of 
iron, with a number of grooves cut in it after the manner 
shown in Fig. 29. There are several grooves running the 
whole length, and still more running across. In each of 
the cross-grooves there slides a smooth, flat bar of steel, 
one of these plungers,'" as they are called, being con- 



Fig. 29. This represents a fragment of a “ Locking Trough,” which has 
saved innumerable lives. 

nected to each of the levers by a kind of hinge joint. 
Thus, whenever a signal or point lever is pulled, the 
plunger attached to it has to move too, or if it cannot be 
moved the lever cannot be moved cither. •-* 

Now each plunger has, cut in its edge, one or more 
notches, the purpose of which is to lock it in certain 
positions. A reference to Fig. 30 will help to make this 
clear. There I have shown three plungers, and I will 
ask you to assume that they are placed in three of the 
cross-grooves of a locking trough, like that illustrated in 
the previous figure, and that eabh of them is hinged to 
a signal lever. You will also notice two little objects 
with rounded ends marked locks. They also are little 
flat pieces of smooth steel, like the plungers, and they are 
placed, in the long grooves, between them. 

Now imagine that plunger No. 2 be pulled, by the 
action of the lever to which it is attached being pulled 
1^7 . 
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to lower the signal. <t will push lock No. i into the 
notch in plunger No. i and hold it there, as you will 
see by Fig. 31. Thereby^ plunger No. i is locked fast, 
and the lever to which it is attached cannot be operated. 
As soon, however, as No. 2 is put back to normal then the 
lock will be able to slide into its notch, and No. i will be 
free ; for it will, if pulled, simply push the lock out of the 
notch in itself and into the one in No. 2, which will be just 
opposite. Then No. 2 will be locked until i is put back 
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Here we see the beautifully simple app.iratus whereby the signals 
are interlocked. 


to normal. Thus those two lovers arc interlocked, and 
though cither can be pulled at will, it can only he one at 
a time* To illustrate the principle a little further I have 
added the third lever, and you will notice that its signal 
cannot be lowered untfl No. 2 has been moved ; then 
No. 2 will be locked by it, and cannot be put back to 
normal until No. 3 has been restored. 

This principle can be carried to almost any extent, 
and the beauty of it is that no matter how complicated 
may be the system of interlocking among a large number 
of levers, as soon as the system has been embodied in the 
118 


Interesting Inventions on the Railway 

apparatus it becomes as simple a’ d unerring in its action 
as any human device can ever be. 

And now we can pass on to a newer invention, which 
embodies a refinement of the above, which, as a piece of 
mechanism, is very pretty. 

I must first explain that, owing to the great amount of 
traffic at some points on modern railways, the labour of 
moving the levers is very severe, particularly when the 
points and signals arc at some distance from the cabin. 
This causes a larger number of cabins to be needed at 
busy centres than would otherwise be required. To over- 
come this, systems have been invented in which the 
signalman only controls the signals and points, while 
the actual work of moving them is done for him by some 
form of power. Compressed air, electricity, and hydraulic 
power are all employed in various parts, and the little 
mechanism which I am going to describe (Fig. 32) is part 
of a compressed air or pneumatic system. 

The communication between the cabin and the sigpaL 
is not a wire, but pipes, and on the signal there is fixed 
a little pneumatic motor, really a small cylinder like that^ 
of a steam engine, with a piston inside it. The familiar 
lever gives place to a small iron slide which slides in and 
out of the frame in which it is fixed, as the drawers in a 
cabinet slide in and out. At one end of this ** lever ” 
there is a wooden knob for the <man to take hold of, and 
when he wishes to lower a signal he places his hand on 
the proper knob and pulls it towards him, an action which 
takes scarcely any force at all. 

The pulling out of the slide ^moves a valve in principle 
like the slide valve on a steam engine, except that there 
is nothing equivalent to the steam chest, but instead there 
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is a spring (not shown jn the diagram), which keeps the 
valve down on the valve face. That connects the air- 
supply pipe to the pipe marked A on the diagram, which 
conveys air to the under side of the piston in the motor. 
The piston is thereby forced up, and the signal arm pushed 
down. When the time comes to put the arm back to 
danger the signalman simply pushes the slide in again, 
moving the slide valve back to its other position, in which 
it connects the air supply to pipe B and thereby presses 
the ^otor piston down, the same action uncovering the 
end of pipe A and letting the air from under the piston 
escape to the open air. 

And that brings us to the cleverest part of the whole 
affair. The slides are all interlocked in exactly the same 
way that the levers arc in an ordinary hand-worked 
system, but the interlocking is in this case made more 
perfect. You will remember that in the example de- 
scribed just now we saw two levers so arranged that when 
one was in the safety position the other was locked at 
danger ; but as soon as the first was restored to danger 
the second was freed, so that it in turn could be put to 
safety. Now suppose that something happened, for 
example, that something fell upon the wire connecting 
the firs{ lever to its signal so that when the lever was 
restored to danger the signal itself remained at safety, 
then the second lever wcyald be unlocked and the second 
signal could be put to safety. Although the interlocking 
prevented both levers being at safety at the same moment* 
there is just the possibility with a hand-worked system 
that both arms might be at safety together. 

In the pneumatic system, when the man pushes the 
islde in, to put the signal back to danger, it will not go 
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quite in. He may push with all Ij^s might, but he cannot 
do it. A glance at Fig. 32 will show you why. A pin 
which slides in the slot in the slide will come up against 
a “ shoulder,” which I have*aistinguished by the letter 
X. The slide will by then have moved sufiiciently, how- 
ever, to let the air into the upper part of the motor 
cylinder, so that the air can pass along pipe B to press 
the piston down and put the arm to danger. When the 
piston reaches its lowest position, and when therefore the 



Fig. 32. Diagram showing how signals are worked by compressed air. 
One of the latest devices to ensure the safety of railway passengers. 


arm must be up, right up, the piston just uncovers the 
end of the pipe C, through which the air passes to another 
cylinder placed under the slide. The piston Uiere is 
therefore pushed upwards, and the pin in the slot, which 
you have probably noticed by this time is connected to 
the piston rod, is pushed up the slanting part of the slot. 
That causes the slide to be moved automatically its full 
distance to the right, for observe, the action of the pin 
against the shoulder prevents the signalman from push- 
ing the slide right home, but it does not in any way inter- 
fere with the vertical cylinder doing it. 
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Now please notice t\is. It is the last little movement 
of the interlocking plunger which unlocks the other 
signal. That can be seep in Fig. 30. That last little 
movement cannot occur until the ** lever" is pushed 
right in. That cannot happen until the return current 
comes along the pipe. And the return current cannot 
enter the pipe until the signal arm has actually gone to 
danger. Therefore the other signals are not unlocked 
until the signal arm has actually gone to danger, and 
the^ possibility of two conflicting signals being lowered 
together, remote though it be in the hand-worked system, 
is absolutely removed in the pneumatic system. 

In "Engineering of To-day" I have described, at some 
length, the methods by which on some lines the trains 
themselves work their own signals, by electrical arrange- 
ments called " track circuits," and I shall refer again to 
the track circuit in the next chapter ; but I should like 
to describe here the very interesting piece of mechanism 
^ whereby the electric current controls the compressed air 
which actually works the signal arms. By way of intro- 
^ duction, however, I ought to say this much. The line is 
divided up into lengths, and as soon as a train enters one 
of these lengths, or " sections," it puts the signals behind 
it to danger. There they remain until it has passed out 
of that section into the one further on. There is normally 
a current of electricity flowing from the rails to the signal 
and that causes the signal to remain at " safety " ; but 
as soon as the train enters the section it diverts that 
current, and so in effect cuts it off from the signal, which 
forthwith goes to danger^ The question is how a feeble 
current can thus control a supply of compressed air 
sufficiently powerful to operate full-sized railway signals. 
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Fig. 33 is a diagram which sh(#’s how it is done. The 
feeble current, from the rails comes along wires to the 
signal, and there passes through a small electro-magnet, 
A. This forms part of what is called a relay, an appliance 
by which a feeble current is able to control a stronger 
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one. It consists, in this case, of»a little arm, which is at- 
tracted and lifted up by the magnet when current is 
passing, but which drops of its own weight when the 
current stops. When lifted it makes a contact and per- 
mits the stronger current to flow, but when down the 
contact is broken and the stronger current is stopped. 

This relay is shown to the left of the diagram. To 
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the right is the valve itself. This consists of a metal case, 
with what we might term two floors inside it, each with 
a hole in the centre. Thpn there are two conical plugs, - 
connected together by being fixed on one “ stalk." Their 
distance apart is such, that if the pair be in one position 
the upper hole is stopped, but a slight raising of them 
both opens that, and instead closes the hole in the lower 
** floor." The stalk is, moreover, continued downwards, 
and at its lower end there is a cross-piece of iron, while 
just above this cross-piece there are the two poles of an 
electro-magnet. When this magnet is energized by the 
passage of current through its coils, the cross-piece is 
raised, carrying the stalk and plugs with it, so that the 
lower hole is closed. When the magnet drops it the con- 
verse happens and the upper hole is closed. It is the 
stronger current from a battery close at hand which passes 
through this magnet, but it is controlled by the relay, so 
that it starts and stops just as the feeble current from the 
rails does. In fact, it behaves just as it would do if it came 
direct from the rails and were itself controlled by the train. 

So much for the electricity. Now let us turn to the 
compressed air. This enters the valve through the pipe 
on the ^right ; it passes to the cylinder which operates 
the signal arm, through the upper one on the left, while, 
after it has done its work, it can escape to the atmosphere 
through the lower one. # 

The normal state of things is with current flowing. 
Therefore the cross-piece is held up and the upper hole 
is open. Air entering the valve then passes through that 
hole to the middle compj^rtment and out to the motor, 
which pulls the arm down to the safety position (this 
state of affairs is shown in full in the diagram). 
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Presently a train enters the siction and the current 
stops, so far as the signal is concerned. Then the position 
shown in dotted lines is brougljit about. The upper hole 
is closed and the compressed air thereby shut off. The 
lower hole is, on the other hand, opened, and so the air 
in the motor can return and escape through the outlet. 
Then the arm, which is weighted, so that if left to itself 
it goes to danger, being deprived of the pneumatic force 
which was holding it at safety, goes to danger and re- 
mains tCere. ^ 

This apparatus is so simple that it is almost im- 
possible to see how it can ever get out of order, and if 
it did, it would certainly have the effect of putting the 
signal to danger. If the current fails it goes to danger. 

If the plugs were to stick they would be almost certain 
to do so in the “ dotted position, for in any other 
position gravity is trying to operate the valve. There are 
no springs, but, wherever an action is required, such as 
is usually performed by a spring, as in opening the relay, 
gravity is called in to take its place, and the arrangement 
has this great advantage that, while a spring may break < 
or weaken or stick, gravity always remains the same. 

In short, this apparatus is an almost perfect example 
of what an automatic device should be, for it rflay be 
safely trusted to do its work without attention, and if 
it should err at all, it will err on the safe side. 

Up till a few years ago the great city of London 
possessed an underground railway which, although in 
its time it had been quite one of the wonders of the 
world, had lagged somewhat behind the times. Then some 
enterprising men from both sides of the Atlantic took it 
in hand, and turned it into one of the most convenient 
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and efficient systems in^^the world. From the passenger's 
point of view, one of the most useful features of the new 
conditions is an indicator on each platform which tells 
him where the next train is going to, and the second and 
third likewise. He secs there the names of the stations 
at which the various services terminate, such as Ealing, 
Richmond, or Wimbledon, and also the words Inner 
Circle, to denote those trains which do not terminate 
anywhere, but go on round and round the endless line 
kn^wn by that term. Then, against three of these, there 
are always to be seen illuminated numbers. Suppose there 
is I against Ealing, then everyone knows that the next 
train which arrives is bound for that place. If there 
happens to be 2 against Wimbledon, a passenger for a 
station on the Wimbledon line knows that his train 
will be the second one in. Someone waiting for a train on 
the Inner Circle may, in like manner, learn that his train 
will be the third, while an unfortunate passenger,* who 
sees no number against his destination upon the indicator, 
knows that he will have to wait until at least three trains 
. have come and gone. As soon as the first train indicated 
has come, and is going out of the station, the numbers 
mysteriously change. Assuming the sequence is as I 
suggested above, the i will disappear from Ealing, the 2 
against Wimbledon will change to i, and the 3 against 
Inner Circle will change to 2, while the figure 3 will 
appear in a new position altogether, say against Rich- 
mond. So, whenever you go on the platform you can 
see at a glance where the next three trains are bound for, 
and can pick out the ona which interests you. 

How this great convenience works has puzzled many a 
waiting traveller, and I venture to think that its inner 
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mechanism may be interesting, tqp, to others, who have 
only heard of it and wished that its silent services were 
. available on lines which they ii|e. Therefore I am going 
to attempt to describe it. I say attempt, for it is not an 
easy thing to make clear upon paper. Yet in working 
it is very simple and sure. It seldom goes wrong, and 
needs little attention. 

The essence of the idea is what is called the ** Magazine 
Train Describer." On all railways there are instruments 
by which yie signalman at one cabin can tell his colleagtie 
in the next what kind of train it is which is approaching 
him. When, as is generally the case, there is only one 
train at a time between the two signal cabins, this is 
quite easy. The one man can simply telegraph on to the 
next cabin as the train passes him. When, however, 
there are automatic signals, there may be many trains 
at the same time in the space between two signal 
cabins. In the case of the Metropolitan District, there 
are sometimes as many as twenty-five trains betweea 
the two signal cabins at Mansion House and South 
Kensington respectively. They are kept a respectful 
distance apart by the automatic signals, but these have 
not the intelligence to pass on the descriptions gf the 
trains to one another, as signalmen would do in a non- 
automatic system. The man at one of these cabins 
must send a message to his colleague at the other every 
time he sends a train forward, and that message may 
reach the latter while there are still twenty-four other 
preceding trains to come in. It would, of course, be 
impossible for any man to remember a continually 
changing list of twenty-five trains, so an ingenious device 
has been invented whereby the destinations are received 
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at the signal cabin, but are not at once communicated to 
the signalman. Instead, they are stored up until he wants 
them, and then they are ready to his hand. 

At the sending end there is an instrument something 
like a clock, only, instead of figures, there are round the 
dial a circle of fifteen smaller circles, each marked so as to 
correspond with the ** headlights ” on the trains, which 
indicate to the staff their destinations. In the centre 
there is a single hand, or pointer, with a knob, by turning 
which it can be set to point to any of the fifteijn smaller 



Rsg. 34. Diagram showing the working of the Westinghouse Magazine 
Train Describcr, the remarkable apparatus which controls the destination 
indicators on the District Railway (London). 

circles. When a train leaves, the signalman turns the 
pointer to the small circle which corresponds with the 
destination, and then pulls over a lever at one side of the 
instrument. That is all he has to do, and he then leaves 
the matter until he has another train going forward, 
when he describes it, too, in the same way. 

At the receiving end there is an apparatus somewhat 
like the ** Annunciator ” used with an electric bell at 
hotels and such places, where one bell can be rung from 
many rooms, and the particular room is indicated by 
the falling of a disc at a tiny window marked with the 
name of the room.*^' There are fifteen of these little 
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windows to correspond with the fifteen different desti- 
nations and the approaching train is described by the 
appearance of the disc at the,/ proper window. As each 
train leaves him, then, the signalman presses a push or 
plunger, and the description of the departing train 
disappears, that of the next one to approach taking its 
place, so that there is always exhibited before the signal- 
man’s eyes the description of the next approaching 
train. That particular description was sent from the 
other end several minutes before, but it does not appear 
until it is wanted, and when it does appear there may 



35* A section through the large drum showing how the four hammers 
• can (irive in the four htuds. 

be twenty or so more descriptions already received •at 
the cabin and stored up, in the instrument, waiting for 
the time when they are needed. 

Now how is this done ? Needless to say, electricity 
has much to do with it, but it is really the ingenious 
mechanism rather than that subtle fluid whictf is the 
secret. The idea underlying this mechanism I have tried 
to illustrate in the diagrams Bigs. 34 and 35, which, 
I must ask you to remember, are not intended to be 
accurate drawings of the apparatus, but simply diagrams 
to show the principle. The outer circle in Fig. 34 is 
intended to represent a hollow drum, mounted so that 
it can rotate upon its centre. Around this drum there 
are holes, in which small metal studs are fitted. Normally 
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the studs project outsicjp the drum, as the one marked A, 
but a small hammer is able to strike upwards and drive 
a stud in so that it prefects inwards, in the position 
shown at B. Inside |^the first drum, suppose that there 
is a second one, carrying a metal spring or finger, which, 
when the small drum is turned, will just ** wipe ” the 
end of a pressed-in stud, but will clear a stud in its 
normal state. Then imagine that, instead of there being 
one stud at A and one at B, each of these is the end one 
of ti row of four, and the spring and hammei; too, are 
each the end one of four, then we shall have a good 
idea of the apparatus. 

There are four wires passing from the sending instru- 
ment to the receiving one, and for each different desti- 
nation the sending instrument sends current along one 
or more of these wires. For example, current along the 
first wire indicates one destination, along the second 
wire another, along the first and second simultaneously 
another, and so on. With four wires used singly, or in 
combination, it is possible thus to make fifteen different 
signs. Each of these currents operates a separate hammer, 
and so if, for example, currents flow along wires two and 
four, hammers two and four will drive in studs two and 
four imthe row which is then above them. At the same 
time, the large drum (and the small one with it) will 
move one step, so that^he next sign which comes along 
will be recorded by the hammers on the next row of 
studs. And so it will go on, the signals as they come in 
deing recorded upon the consecutive rows of studs. 

The incoming signals, it will be noticed, turn both the 
drums together, but the pressing of the plunger, by which 
the signalman brings the signal into his indicator so that he 
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can read it, turns the inner drum 'Wthout turning the outer 
one. Thus every time he presses his plunger the springs 
come into contact with a (^.jsh combination of studs. 

p 

The studs are themselves alive with current, so that this 
has the effect of producing in the wires, to which the 
springs arc connected, a scries of currents, corresponding 
exactly with those which brought the description of the 
train from the other cabin. These currents are led to a 
small apparatus called a “ Combinator," which causes 
each cornbination to reproduce on the Annunciator " 
the correct indication. Thus we see how the first set of 
currents (from the other cabin) record themselves by 
pressing in different sets of studs, tlu^ studs, in turn, 
producing, when required, similar sets of currents to the 
fust, which give the visible indication. 

At each station where there is no signal cabin, there is 
one of these describ('rs to control the destination indica- 
tors. It is just the same as those in the signal boxes, 
except that it has three sets of springs on the inner drum 
instead of one, and the electrical wires are so arranged 
that the first set of springs illuminate the figure i against 
the destination indicated by the studs which they touch, * 
the second set of springs the figure 2, and the third the 
figure 3. In this case, too, the operation which the signal- 
man in the cabin brings about, by pressing the plunger, 
is performed by the passing of the train itself. Thus each 
train, in effect, announces toius what the succeeding 
trains will be. 

There is an invention, in connection with the railway, 
which is quite recent, and is, too, of such great importance 
that it ought to be described* here. As, however, this 
chapter is already rather lengthy, that subject will be 
reserved for the next. 

131^ 



CHAPTER XI 

A GREAT SAFETY DEVICE 

Within the last few years there has come into use an 
arrangement, which is of the greatest importance to the 
safe'ty and convenience of the public who travel by rail- 
way. I refer to the '' track circuit,*' and I do not hesitate 
to say that it ranks with the block sj^stem and the 
system of interlocking the signal levers as the greatest 
of all inventions connected with the safety of railways. 

Automatic signals, to which reference has just been 
made, would be almost impossible without the track 
circuit, and as a safety device purely and simply there is 
a vast field for its use in which it is practically without 
a lival. It is essentially an electrical contrivance, yet its 
perfect reliability consists in the ingenious mechanical 
^ arrangement of its parts. 

Briefly, a track circuit is this. Each block section, that 
is, eacheSection of line in which only one train is permitted 
at a time, is electrically separated from the adjoining 
sections by insulating joints in the rails. Then current 
from some convenient so^irce of supply is led to one rail : 
thence it goes to the signal cabin, or if the signals are 
automatic to the signal itself, whence it returns to the 
other rail, and through it back to the source of supply. 
The actual track rails upon which the trains run thus 
form a part of the circuit. This explains the name, track 
circuit. 
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What I have just described is the normal state of affairs, 
and the flow of current to the cabin or signiil, as the case 
may be, permits the signals jjjtJihc entrance to the section 
to be lowered. The moment, however, that a vehicle of 
any sort enters the section, the current is provided with 
a very easy path through the wheels imd axles from one 
rail to the other. The wheels and axles arc, of course, 
very massive, and made of a good conducting substance 
(namely steel) ; and, moreover, the weight of the vehicle 
ensures iheir being well pressed down upon the rail$, so 
that a good contact is a certainty. Thus we arc able to 
rely absolutely upon the fiict that the whec'Is and axles 
will form a much easier path for the current than its 
I '-rmal path, and that the current will therefore choose 
it of the two. This nu-thod of diverting current from 
one circuit by providing it with another much easier one 
is technically known as short-circuiting.'’ 

The presence of a single pair of wheels in any section, 
therefore, short-circuits the current and deprives •the 
signal box or signal of its supply, and things arc so 
arranged that when that occurs the signals go to danger, • 
or if already in that position are securely held there. 

That is the fundamental idea of the track circuit ; but 
such a simple arrangement, though good, has liot the 
absolute freedom from the possibility of failure which we 
must demand in an apparatus oji which the lives of many 
people may depend. This is particularly so when the 
trains themselves arc operated by electricity, for the 
presence of the traction current in the rails or near them 
provides just a chance that Extraneous currents might 
leak into the system, and so cause it to signify safety 
when, in fact, there was danger. This risk is, however, 
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entirely overcome by mfans of a system of relays, which 
I will now explain. 

A relay, as is well kno^i}. to all who are interested in 
telegraphy, is an appliance by which a feeble current 
controls a stronger one. It consists of an electro-magnet, 
which becomes energized whenever the feeble current 
passes through it, and which, when thus excited, pulls 
into contact two objects which thereby complete a circuit 



Fig, 36. This shows the working of Brown’s patent Relay,” an ingenious 
electro-mechanical device, by which the trains may safely }x\c{i to control 
their own signals. 

for theestronger current. Fig. 36 will help to make this 
clear. There we see an electro-magnet with tw^o coils of 
wire very similar to the magnet which works an electric 
bell, only the coils are a little wider apart. If current 
comes along the wire shown by the dotted line A, passes 
through the coils marked “ track coils ” (so called, as 
we shall see presently, because they are directly con- 
nected to the track circuft), and then back through wire 
B, the magnet will be excited and will pull up the little 
iron lever, which is termed the “ armature,” and so close 
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the “lower contact.’* When that current stops the 
armature will be released and will drop again. 

Now you will observe th?,*; between the track coils 
there is another coil, whicli I have marked “ swinging 
coil.” This has nothing to do with the magnet which I 
have been speaking about ; in fact, it is another magnet 
altogether, and it derives its power, when it has any, 
from the current flowing along the wires D and E. It is 
a fairly well-known fact, but I will just remind you of it 
here, th^t two magnets do not attract each other in quite 
the same way that a magnet attracts a piece of iron. 
Every magnet has two ends, one of which we call the 
North Pole and the other the South Pole. Both poles 
attract plain iron equally, but a North Pole only at- 
tracts a South Pole of another magnet : it repels a 
North Pole. It is the same with South Poles, which at- 
tract North Poles, but repel poles like themselves. The 
rul^ is, tersely, that unlike poles attract, while like poles 
repel each other. In the case of electro-magnets, which 
pole is North and which South depends upon the direction 
in which the current is circulating in the coils. In these ^ 
two magnets the one which has the two coils has its poles 
pointing downwards, so that one is to the right and one 
to the left. The magnet with the one coil, being of a 
different shape, has one pole at the bottom, between the 
two poles of the other magnet, and its other pole at the 
top. Thus whenever current* is passing through both 
magnets the swinging magnet will be pulled to one side 
or the other, for its lower pole will necessarily be attracted 
by one pole of the track magnet, and repelled by the other^ 
It will only hang vertically, as shown in the diagram, when 
no current is passing through it. Moreover, if current 
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be passing through both magnets and the swinging 
magnet be thereby pulled to the right, for example, if the 
direction of one of the ci^rents be changed the poles of 
that magnet will be reversed, and then the swinging 
magnet will be forced to the left. 

The swinging magnet, when pulled to the right, closes 
another contact marked upper contact, so that this 
particular appliance is really two relays combined into 
one. The first is closed by a current through the track 
coils, and it will be operated in whatever direption the 
current may be flowing. The second is closed by current 
flowing through the swinging coil and it is closed only by 
current flowing in one particular direction. The con- 
tact will be opened if the current stops or the direction be 
changed. And now we can follow the action right 
through. 

When a train leaves the section and so cuts off that 
easy path through its wheels and axles the current finejs its 
way from one rail through wire A to the track magnets. 
Passing through them it goes via wire B back to the other 
rail. The effect of that is to energize the track magnet, 
lift up the armature and close the lower contact. This 
current is but a feeble one, from 2 to 4 volts, little more 
than th^t of the current which works the domestic electric 
bells. The closing of the lower contact, however, sets 
going a much more powerful current of about 60 volts 
through wires C and D, the swinging coil and wire E. The 
swinging magnet is thereby energized and swings to the 
right, thereby closing the upper contact. That again 
permits 6o-volt current tc\ flow, this time to the signal 
cabin, or to the signal itself as the case may be, and it is 
only when this last current is flowing that the signal 
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:an be down. Any stoppage of that current instantly 
puts the signal to danger. 

I must now ask you to tu4,n to the next diagram 
(Fig. 37). We have just seen how, in order to give a 
'* line-clear ” indication, the 2-4-volt current must first 
be flowing (and flowing fairly strongly, too, for it has to 
lift the weight of the armature), then it must close the 
lower contact, so as to energize the swinging magnet and 
close the upper contact. Any weakness or failure, be it 
noted carefully, puts the signal to danger. Then you will 
observe by this last diagram that there are two of these 
relays, one at each end of the section, and to give a linc- 



37* This diagram shows how the signal current has to pass through iv)0 
relays before it can lower the signal and cUhtr oj them can stop it. 


clear Indication they must both be operated. Thus the 
safeguards against failure which I have just enumerated 
are duplicated. 

To avoid too many complications I have not shown 
where the various currents come from. I have contented 
myself with indicating their courses through the relays ; 
but the various wires are so arranged that thh only 
possible circumstances which can exist when a train is 
in the section are these : • 

(а) The current completely short-circuited. Result — 

both relays open and the signal circuit broken 
at two points. 

(б) One relay short-circuited, the other energized 

normally by extraneous current. Result — signal 
circuit broken at one point (as shown in Fig. 37). 
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(c) One relay short-circuited, the other energized in 

the opposite d&rection to the normal. Result- 
signal circuit br(^ken at two points. 

(d) Both relays energised, one normally, the other 

reversely. Result— signal circuit broken at one 
point. 

All the conditions except (a) would be the result of 
outside electrical influences, from the traction current or 
some other source. They exhaust every possible condi- 
tion, and with every one of them the signal circuit is 
broken at one point at least, thereby setting the signals 
to danger. 

There is no such thing in this world as a perfectly in- 
fallible machine, but here it would seem as if we have 
an arrangement which, if it cannot be relied upon abso- 
lutely never to go wrong, can certainly be depended upon 
to err, if at all, on the safe side. 
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CHAPTER XII 

THE ADJUNCTS OF THE MODERN BOILER 

Where there are a number of large boilers there arc 
usually a •number of interesting appliances working in 
connection with them. Mostly these are to utilize some 
of the heat which would otherwise be wasted, and so 
reduce that enormous loss to which reference has already 
b(‘(‘n made. 

Of these the superheater is one of the most valuable. 
Steam, you must understand, is really a gas, and it will 
expand if it be heated just as air or any other gas would 
do. That expansion will, of course, increase its pressure ; 
but what is perhaps more important, the extra heat thus 
added to the steam, over and above that which was 
required to convert it from water into steam, it is able 
to part with before it begins to condense. 

Steam which has thus been given extra heat i^ called 
superheated, while steam just as it arises from the water 
is called saturated steam. On its journey from the boiler 
through the pipes to the engine it is somewhat cooled ; 
for, of course, some heat is always escaping from the 
surface of the pipes into the air, and so the pipes them- 
selves must always be slightly cooler than the steam. 
They are usually covered with* a thick covering of non- 
conducting substance, but that does not entirely prevent 
the escape of heat. 



The Adjuncts of the Modern Boiler 

The steam, thcrefoje, tends to condense as soon as 
it passes from the boiler into the pipes ; indeed, were it 
not for the latent heal, which saves the situation asv 
described in a previous chapter, the steam, as soon as it 
passed from the heat of the boiler into the slightly cooler 
pipes, would collapse into water instantly, and so all 
pressure would be lost and the engine would not be 
worked. In fact, the steam would never reach the engine 
at all. I actually know of a case in which steam was 
to be used for heating a building at a considerable distance 
from the boiler, and the pipes being too large and in- 
sufficiently covered the steam never reached the building 
at all. The largeness of the pipes caused the flow of steam 
to be slow, and during the passage it lost sufficient heat 
to be entirely condensed. That, of course, was simply 
an exaggerated example of what always occurs when 
saturated steam passes along a length of pipes. With 
superheated steam, however, it is different. Thee extra 
h^at must be got rid of before condensation can begin. 
The steam naturally contracts as it loses this “ super- 
heat," and so loses pressure slightly ; but it docs not 
suffer that quick contraction which takes place the 
moment steam falls in temperature below the boiling 
point which corresponds to its pressure. 

That, then, is the primary reason for superheating the 
steam, to minimize the loss which would otherwise occur 
through the steam being condensed through contact 
with the slightly colder surface of the pipes and the 
cylinder itself. 

The apparatus is geneMy arranged so as to use heat 
which would otherwise be wasted. One kind of super- 
heater is composed of a number of steel tubes bent into 
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a shape roughly resembling a letter U. The ends of the 
pipes are connected to two steel "boxes in such a way 
that the steam enters one box, passes through the pipes, 
and emerges into the other t)ox. The superheater is 
placed in that downward flue at the back of the boiler, 
which has already been referred to by its technical name 
of " downtake." It is the flue which, you will remember, 
takes the hot gases down from the ends of the cylindrical 
flues into the brick flue under the boiler. 

The steam, as it leaves the boiler, goes to one of the 
boxes, through the pipes, and then away from the second 
box to the engine. The tubes are naturally very hot, 
being in the direct course of the hot gases soon after they 
leaVc the fire, and so they heat the steam above the 
semperature at w'hich it leaves the boiler. A superheat 
of 100 degrees is about the usual thing, but there are 
some cases in which even greater heat is imparted to the 
steam jn this way. And this extra heat, you will observe, 
is obtairlcd practically for nothing. It is taken from t^e 
gases in the course of their journey through the flues, and 
so is deducted from that amount of waste heat which the 
gases eventually carry away with them up the chimney. 

The practice of superheating the steam was suggested 
as long ago as 1857 • it was not adopted to any extent 
then, mainly because of the difliculty of obtaining lubri- 
cating oil for the piston, which would not be destroyed 
by such a high temperature. *The manufacturers of 
lubricating oil have entirely overcome that difficulty, 
but even now there are many engineers who fail to 
realize the advantage of this reMly valuable invention. 

Another quite modem innovation in the boiler-house 
is the mechanical stoker. With this apparatus the at- 
141 



The Adjuncts of the Modern Boiler 

tendance on the boilers is reduced to a minimum. The 
coal, which is generafiy stored in bunkers in the upper 
part of the boiler-house^ falls down large iron pipes to the 
stokers, which feed it into the furnaces not only with less 
labour, but more effectively than any human stokers 
can do. 

It is not realized by many what skill is required to 
stoke a large furnace properly. The fuel must be spread 
in an even layer all over the floor of the furnace. If 
there be any gaps, any parts, that is, left uncovered with 
fuel, cold air will rush through them without assisting 
in the process of combustion, but simply lowering the 
temperature of the hot gases, and so reducing the efficiency 
of the fire. Every particle of air, indeed, which is drawn 
into the fire at all must be made to pass into the fire and 
do its share of burning, produce its ow^n share of heat, 
and pass on not as air merely, but as hjjl gas from the fire. 
If you observe a stoker stoking his fifes, you will, notice 
tjjat he gives his shovel a dexterous little twist jast as he 
throws in the coal. That is the reason ; he is scattering 
it so that the whole fire shall be even and continuous. 

He must see to it also that there are no large quantities 
of black coal anywhere. Coal, when it first burns, gives 
off tarry vapours which form smoke, and if a lot of coal 
be thrown carelessly into a fire the result is smoke. This 
passes up the chimney, and if it be in a populous district 
possibly brings down tKe local authorities with a summons 
for emitting too much smoke and spoiling the public’s 
atmosphere. If, however, the coal be put in in small 
quantities, and the new* coal always at the front of the 
furnace, the vapours which would otherwise pass off in 
the form of smoke having to pass over the whole length 
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of the fire are burnt up and destroyed. Moreover, another 
point in connection with ** hand firing is this. Every 
time the furnace door is opened to put in fresh fuel cold 
air rushes in, and so the temperature of the fire is reduced. 

Now let us see how the mechanical stoker overcomes 
these difficulties. In the first place it never opens the 
furnace door, and so never lets in blasts of cold air. It 
always feeds the coal in the full width of the furnace, so 
that it is always covered, and finally it is continually at 
work feedipg the fuel in tiny quantities and always at the 
front of the furnace. It moves the whole fire backwards 
continually, the new coal being supplied at the front and 
,the ash falling off the grate at the back. Thus the smoke 
from the new fuel is made continually and in small 
quantity, and as it always has to pass over the whole 
length of the hot fire it is effectually consumed, and no 
smoke reaches the chimney. 

The^ are two well-known types of this apparatus. 
Both are remarkably simple. In one there is a slit in tt^e 
front of the furnace, and in this slit there works a flat, 
blunt-ended object, which we might liken to a small 
drawer. This drawer-like part is continually moving in 
and out a few inches, and every time it comes out a little 
coal falls down behind it. Then every " in '' stroke 
pushes this small quantity of coal into the fire. 

The grate itself is composed of firebars, which are 
capable of moving to and fro. *At one moment every 
alternate bar moves an inch or so towards the front of the 
furnace. A moment later the other half of the bars move 
to the front. A moment later kill they all move back 
together. 

This has the effect of preventing the fire from sticking 

143 



The Adjuncts of the Modern Boiler 

to the bars and also of gradually carrying the hre to the 
back of the grate, for half the bars (alternate ones) moving 
together have little or^o effect in moving the fire, but 
when they all move backward together the whole fire 
goes too. The speed at which the fire is thus moved 
backwards is so arranged that by the time the coal reaches 
the further end there is nothing left of it but the ash. 

The other type of mechanical stoker consists of a 
“ chain grate.” Imagine a number of large bicycle chains 
set side by side passing over two rollers, instead of two 
chain wheels, so that all the chains can be carried by the 
same two rollers. The upper surface of the chains might 
then form a “ chain grate.” Such a contrivance can be 
well placed under the fire in a water-tube boiler, and then, 
when the rollers are turned round, the grate itself gradually 
moves backward, carrying the fire with it to the back, 
and drawing in a thin, even layer of coal from the hopper 
on the front of the boiler. 

e When the gases leave the flues of the boiler (hey still 
possess great heat. Part of this is utilized in the chimney, 
for, of course, it is the lightness of the gases in the chimney, 
due to their heat, which causes the draught which makes 
the fire bum. The heat in the chimney is therefore not en- 
tirely useless, but it might, nevertheless, be put to better 
use. If it could be made to generate more steam it would 
be doing more valuable work than it does at present ; but 
the difficulty is to get it to do that. There is a limit 
beyond which we cannot make the heat do work. For 
example, if we are working a boiler at a pressure of 
i6o lbs. the water will Aave to be kept at a temperature 
of 370 degrees. The hot gases from the fires pass along 
the flues, making the water hotter as they pass, but, of 
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course, getting colder themselves. When they get down 
to 370 degrees it is no good taking them round any more 
iiues, for the water in the boiler fs already as hot as they 
are, and, as we all know from common experience, you 
cannot heat a thing with something no hotter than itself. 
Therefore we cannot heat the water in the boiler beyond 
a certain point with the hot gases from the fires, although 
they may still contain a large quantity of heat. 

We can, however, use them to heat the “ feed-water,” 
the water* that is, with which w'c feed the boiler, and for 
this purpose an apparatus called an economizer is often 
installed. 

In the large flue through which the hot gases pass, on 
theii way from the boiler to the chimney, are placed a 
large number of vertical cast-iron pipes. The hot gases 
have to find their way past and amongst these while the 
feed-water is flowing through them. A certain amount 
of soot is deposited by the gases upon these pipes, and so 
on eacl) one there is fastened a small, cage-like object 
which can .slide up and down. A chain is attached to each 
of these scrapers, for that is what they are, and a simple 
mechanism above, driven by an electric motor or a small 
steam engine, spends its time alternately hauling the 
scrapers up the pipes, and allowing them to slide. down 
again. This keeps the pipes clean and free from soot. 
Soot, of course, is a very bad conductor of heat, so that 
if it were allowed to accumulate the efficiency of the 
economizer would be largely impaired. Indeed, it would 
cease to “ economize.” 

In the up-to-date power station everything is carefully 
watched to see that no energy of any sort is wasted if it 
can be prevented. The fire itself, therefore, is subject to 
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continual testing to see if it is working properly. This is 
done by testing the waste gases as they pass to the 
chimney to see if th^ possess the right amount ot 
carbonic acid. 

If combustion were perfect there should be 21 per cent 
of carbonic acid in the waste gases. In actual practice 
there must be a little less than this ; but there ought to be 
at least 15 or 16 per cent, whereas sometimes there is as 





Fig. 38. This dia^am shows the operation of an apparatus for telling how 
thoroughly the furnace hres are burning. 

little as 5 per cent. That means that out of every 100 tons 
of coal burnt, 20 are wasted and might be saved. The 
advantage of watching the amount of carbonic acid is 
therefore evident. 

An apparatus for automatically testing the gases is 
shown in Fig. 38. On the right there is an aspirator. This 
is a small closed cistern, w'hich is periodically filled with 
water ; when full the water inlet closes and an outlet 
opens. The water running out by gravity then sucks in 
gas until the cistern is full of it ; then the water outlet 
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closes again, the aspirator is once |nore filled with water, 
while the gas escapes to the atmosphere. 

* The action of this aspirator^ then, is to draw in, from 
the chimney and through the apparatus, at certain inter- 
vals, a sample of the gases in the chimney. It can be 
arranged to work 25 times per hour or any less number. 

The gases first pass to a smoke-filter, to rid them of any 
smoke which they may contain. Then they go to meter No. 
I, which is just an ordinary gas-meter. After passing through 
that they enter the absorption chamber, a vessel in which 
there is a quantity of lime. Now lime has a great affinity 
for carbonic acid, so that it absorbs it, and it is only the 
other gases (principally nitrogen) which pass to the second 
meter. The result is, then, that the whole of the sample 
passes through the first meter, but a less quantity through 
the second one, and the difference between them repre- 
sents the amount of carbonic acid. 

Thi^ recorded upon a chart in a very ingenious way. 
The meters are made to turn two small tooth wheels jiist 
as they ordinarily would drive a pointer on a dial. Each 
of them turns its wheel an amount which is exactly in 
proportion to the amount of gas passing through it. The 
action of the first one raises a pen, but the second one 
counteracts it. If they both turned at the same speH the 
result would be that the pen would not move at all ; but 
since the first one has more gas through it than the second 
it naturally turns a little faster, and so the united action 
of the two results in the pen being raised a distance which 
represents, exactly, the amount by which the quantity of 
gas going through the first exceeds that going through the 
second. In other words, the height of the line drawn by 
the pen represents the quantity of carbonic acid in the 

147 



The Adjuncts of the Modern Boiler 

sample of gas. After^each sample has passed the pen 
returns to zero. ^ 

These lines are drawn upon a moving strip of paper, scr 
that the result is to produce a number of short, parallel 
lines, each representing a sample tested. The paper is of 
such a width that if the proportion of carbonic acid were 
100 per cent the line would reach right across it, and so 
the height of any line represents the percentage of that 
gas which was actually present. The strip is long enough 
for 24 hours, and it is divided up, by lines, into 24 parts, 
each of which represents an hour. Thus every day the 
engineer in charge of a plant can look at the diagram for 
the previous day, and if there are any evidences of care- 
less firing he can tell at what time they occurred, and 
who was responsible. 

There is one other interesting little feature in this 
appliance. The temperature of the gases naturally falls 
between the time when they enter the first meter^end the 
time when they enter the second. The volume shrinks as 
well, and were nothing done to obviate it that shrinkage 
would be recorded as so much carbonic acid. Just before 
they enter either meter, therefore, the gases pass through 
a temperature equalizer. This is a series of tubes in con- 
tact udth water, and in the first one the gases give up heat 
to the water, while in the second they get heat back from 
the water. Thus the te/nperature in both meters is about 
the same, and the serious error which would otherwise 
occur is avoided. 

Where oil fuel is cheaj) it is sometimes used instead of 
coal ; but in spite of its advantages it is not likely to dis- 
place coal, at any rate on land, except where oil is very 
plentiful. There are several ways of burning oil in a 
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boiler. One is to force it \rith a pump through a fine 
nozzle, so that it enters the fuma^^as fine spray. Another^ 
and perhaps the most usual way of all, is to blow it in 
with a jet of steam or air. A third way is to vaporize it 
by means of heat in a separate vessel, and let it enter the 
furnace in the form of gas. 

On board ship this form of fuel has great advantages, 
for it has a much greater heating value than coal has, and 
consequently less of it need be carried for a voyage of a 
given length, and the awful labour of trimming the coal on 
""the voyage and feeding it by hand into the furnaces is 
avoided. 

In many towns the refuse from the domestic dust- 
bins is burnt, and although it is of poor heating value, 
since it can be got for nothing, indeed has to be burnt for 
sanitary reasons, what heat it does possess is often used 
for raising steam. 

It is burnt in large furnaces of brickwork, and the hot 
gases are led away through a flue to a boiler either of 
** Lancashire or water-tube type. 

Illustration Fig. 39 shows a section through the de- 
structor furnaces of the Westminster City Council is 
London. There are six furnaces set in three pau;^ back 
to back, and the section shows one pair. The leaded 
carts back in and tip their contents straight into the 
furnaces. Some, approximately half, falls into one 
fuma^ and the rest into the othlr. The furnaces them- 
selves are not special in any way, except that they are 
blown with a blast of air. You will observe the three flues 
in the brickwork under the furnaces ; the smaller, outer 
ones are the blast flues,*' and small passages lead from 
them totheashpitsof all the furnaces. Air is fcnrced into 
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the blast flue, and so the furnace fires are fanned. The 
hot gases pass through other passages (which cannot be 
seen in the section) into\he large central flue known as tho 
main flue, which takes them away to the boiler. From 
time to time the doors at the sides are opened, and the 
ash and clinker are drawn out. 



Fig. 39. How useless rubbish is turned into valuable power. 


The hole through which the refuse is shot in needs to 
be a large one to take*a whole cartload at once, and it 
needs, too, to be securely closed to prevent the escape 
of smoke and hot gases from the fires. This is effected by 
a large lid made of iron working on a hinge and balanced, 
so that little force is required to open and close it. All 
lound the edge of the hole there is a gutter full of water^ 
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and the lid has a rim which falls down, when the lid is 
closed, into the water, and so farms what is known as a 
•water seal. The water makes a perfect joint past which 
no smoke can pass, and yet leaves the lid quite free so as 
to open and close easily. 

The clinker, as the burnt refuse is called, comes in for 
many useful purposes. It makes very fair road material, 
if ground it can be turned into bricks or artificial paving- 
stones, and, suitably treated with tar, it forms good tar- 
paving. The heat generated is often used for driving the 
plant in connection with the conversion of the clinker into 
these useful products, or else for electric lighting, sewage- 
pumping, or some other municipal work. 

That brings us to an important feature of many steam 
plants, the forced or induced draught. The purpose of the 
tall chimney is to create a draught to draw a copious 
supply of air through the fire, and so ensure rapid and 
complete combustion. Sometimes, as on ships, it is not 
convenient to have a tall chimney, and then the neces^ry 
draught is obtained in one of two ways, either by forcing 
air into the fire, or by sucking air through it. On ships of 
war the “ closed stokehold " method is adopted. The^ 
compartment where the boilers are is sealed, so tbat it is 
perfectly airtight. Then fans above force air down into 
it, thereby giving the men a supply of fresh, cool air and 
also blowing the fires, for the only way of escape which 
the air has is through the fire and up the funnel. Another 
method is to force air into the ashpit under the grate. A 
third w’ay is to put a fan in the flue just at the base of the 
chinmey, and arrange it so that it draws air through the 
fire. This latter method is termed induced draught." 

Locomotives always use " induced draught," the waste 
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steam as it escapes from the cylinders shooting out of a 
nozzle directed up the tjhininey. The effect is to induce 
a draught of air up the chimney, and so to draw air. 
through the fire. 

Whenever there are long lengths of steam pipe, or any 
place in the pipe where water could lodge, such as a dip in 
the pipe, a steam trap is placed. There are numberless 
varieties of these ingenious contrivances ; but they are 
all for the same purpose, namely to let out the water, but 
to close and keep the steam in as soon as all the. water has 
gone. They are, too, almost all constructed on the prin- 
ciple which is illustrated by the one shown in Fig. 40. The 

ULOW-THROUGH M 
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Fig. 40. A trap for letting the condensed steam out. 

tube A is connected to the under side of the steanf pipe, so 
that when there is only steam in the pipe the tube contains 
steam only, but as soon as water begins to accumulate it 
runs down and fills it. Now water produced by the con- 
densatipn of steam is clearly cooler than the steam, and 
therefore, when the tube becomes filled with water, it con- 
tracts. The rods R and are, however, in contact with 
the air and removed from the influence of the steam and 
water, so that their length is not affected by the variation 
which tends to contract the tube. The contraction of the 
tube, therefore, causes yie end of the rod R to press 
against the little cranked lever D, causing it to compress 
the spiral spring and open the valve E. The water then 
rushes out through the valve until it is all gone, then the 
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steam following, being hotter, causes the tube to expand 
again and so closes the valve on^ more. The handle T, 
you will observe, opens the valve if it be depressed, just as 
the contraction of the tube Socs. That is so that the 
apparatus can be tested by hand occasionally to see that 
it is clear and working properly. 

The principle, you will notice, is that water is colder than 
steam, and therefore the former will cause a suitable metal 
object to contract and open a valve, the valve closing 
again so ^on as the object expands again under the in- 
■ fluence of the superior heat of the steam. 

The most delicate, and in some ways the most beautiful, 
invention in connection with the steam boiler is the pres- 
suio gauge. There arc two kinds of these, known respec- 
tively as the Bourdon and the Schaffer, both after their 
inventors. 

The Bourdon gauge works upon a curious principle. If 
you take a curved metal tube and force some fluid into 
it undei* pressure, it tends to straighten out. With t]iat 
clue I fancy that most of my readers will see the meaning 
of Fig. 41. The steam comes up the vertical pipe and 
enters the curved tube K. The pressure tends to 
straighten this out and so causes its end M to^ move, ‘ 
thereby pulling the little rod to which it is attached and 
turning the finger. The greater the pressure the greater 
the straightening, and therefore the greater the move- 
ment of the finger. 

Fig. 42 shows the “ works ” of a Schaffer gauge. There 
the steam also comes up the vertical pipe ; but it finds 
its way into the gauge itself barred by a metal diaphragm 
A, which you will observe is corrugated, so as to render it 
as far as possible free from the effects of the variations in 
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heat. The pressure acting upon the diaphragm bends it 
more or less, the amoun^^of the bending varying according 
to the pressure. Whatever^it may be, the bending is com- 
municated by the rod C to the simple mechanism which 
moves the pointer and so indicates the pressure on the 
dial. 



Hie preesure of the steam tends to 
itnighten out the tube K and so 
nofci M and consequently the 
poipler. 



Fig. 42. 

Section of the Schiiffer pressure 
gauge. 

The steam bends the diaphragm A 
more or less according to its 
pressure and so moves the 
pointer. 


In both these cases only the inside of the gauge is 
shown ; but in the actual thing itself there is a white- 
faced dial in front with the pressures marked in figures, 
so that the position of the pointer can be easily read off as 
so many pounds to the iijch. 

A pressure gauge is usually fixed not to the boiler 
directly, but at the end of a long, curled tube, sometimes 
only a plain U-shaped bend, but at others a complete 
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coil. The reason is interesting, as it illustrates the bad 
heat-conducting properties of w^er. The mechanism of 
•the gauge is damaged, or, a^ any rate, rendered inac- 
curate by excessive heat. Therefore the steam itself must 
not come near it. The curled pipe, however, soon becomes 
filled with condensed steam, or, in other words, water. 
This water conveys the pressure from the steam to the 
gauge as effectively as if the steam penetrated to the inner- 
most parts of the instrument ; but it is such a poor con- 
ductor that it shields it from the heat. It loses its heat 
through the thin walls of the tube, and cannot itself con- 
duct more to take its place from the hot steam of the 
boiler. 

Before leaving this subject, another interesting little 
instrument, designed for use in the boiler-house, is well 
worth our notice. It is a meter for measuring the quantity 
of steam passing along a pipe. Fig. 43 is a composite kind 
of drawing, since it shows the lower part of this apparatus 
in section, while the upper part is shown whole. I think, 
however, it will not be difficult to understand. The steam 
enters the apparatus at the opening E on the left-hand 
side, and leaves it by the corresponding outlet on the 
right-hand side. Between the two it passes throjigh the 
apparatus, and the quantity flowing is recorded by a pen 
on the drum F. 

A little inspection of the diagram makes it quite clear 
that the steam, on entering, passes upward and then dives 
downwards through what looks hke the spokes of a toy 
engine wheel. As a matter of 4 ct, what looks like a little 
wheel is simply a light metal guide, intended to guide the 
wire on which is fixed the small disc c. Rushing down- 
wards the steam pushes this disc before it, thereby making 
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a larger way for itself, for the cone-shaped cylinder 
in which the disc is \placed is larger at the bottom 
than at the top. Therefore the lower down the disc is 
the freer passage has the steam past it, and consequently 
the more steam there is flowing through the apparatus 



A ‘K* meter that measures the volume of steam that an engine 

is using. 

the lower down is the disc pushed. The position of the 
disc is communicated by the wire to the pen above, which 
is in contact with the revolving drum, bn which is a piece 
of suitably ruled diagram paper. The drum is rotated 
by clockwork, and so a complete record is made of the 
quantity of steam passing at every moment throughout 
the day. 
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Lower down the drum you may notice there is a second 
pen at work. That is connectecyto a pressure gauge, so 
that a diagram of pressures is jnade at the same time and 
on the same paper. 

The use of this apparatus enables the engineer in charge 
to see at any time how much steam his engines are taking. 
If he should notice a sudden increase at any time he can 
investigate it and find out the cause, thereby perhaps 
finding that something is not quite right, and that some- 
thing is being wasted. So he can check waste, and possibly 
effect considerable economies. 



CHAPTER XIII 

MACHINES FOR TESTING STEEL 

Even steel, the strongest of all metals, is liable to have its 
weak points. Generally, these are due to something 
wrong with the mixture, either too much or too little 
of one or other of the various ingredients which go to 
make up the ** alloy,*' which we know by the name of 
steel. Fortunately, the chemical action which goes on 
when the steel is made ensures that these components 
shall always be equally distributed throughout the whole 
mass of metal in the furnace, and so one or two test 
pieces can be relied upon to give us a true statement 
as ^0 the quality of the whole, 

When, therefore, an engineer designs an important 
structure, like a bridge or a boiler, or some vital part 
^like the tyre of a railway wheel, he specifies that test 
pieces shall be taken from each " blow,” a term meaning 
that quantity of metal which is made into steel in one 
furnace at one time. Then these test pieces are tested 
by some suitable means to see if they exhibit those proper- 
ties which the steel ou|;ht to possess to be suitable for 
the purpose for which it is intended. 

The most usual of these is a test for tensile strength. 
The test piece is clutched between two mechanical 
hands and pulled until it breaks. The machine is pro^ 
vided with an appliance, either of the nature of a steel- 
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yard or of a spring balance, which measures the amount 
of pull which ultimately caused lie rupture of the piece, 
. In this case the stress is agplied gradually, generally 
by means of a screw, so that the action of the testing 
machine is very different from that of some machines, 
in which steel forms a part in which it is subjected to 
sudden shocks. The power of steel to resist shocks 
can be calculated from the ordinary tensile test, but it 
is better to make actual tests, in which the stress is not 
gradual, but sudden, and it is one of the machines for 
this purpose with which this chapter is mainly concerned. 
It is a very interesting machine, for it embodies some re- 
markable examples of the science of exact measurement. 

Of course, no measurements are exact. No one can 
take an absolutely exact measurement, except unknow- 
ingly and by accident. This is recognized now by the 
custom, in matters of fine engineering, of giving to each 
important measurement a limit of error.'* This is in 
thousandths or ten-thousandths of an inch, and it means 
that if a hole is ordered to be an inch in diameter, it must 
not vary from that size more than the limit named. The 
astronomer, with instruments made with the best work- 
manship and regardless of cost, is so doubtful of his 
measurements, that he always measures a thing a number 
of times (if possible), adds them all together, and divides 
the sum by the number of them, thereby getting an 
average so as to eliminate partialljr those errors which he 
knows must be there. 

But I have strayed somewhat from the subject in 
hand. My point was that this machine calls for very 
accurate measurements, measurements of time, strange 
to say, for the relation between time and the strength 
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of a piece of steel is not at once apparent. It arises in 
this way. A sudden blow or a sudden pull can only be 
applied by some moving l^ody, and the force of the blow 
or pull is in proportion, not only to the weight of the body, 
but to the speed at which it is moving when it delivers 
the blow or exerts the pull. It is easy to measure the 
weight and the distance which it travels, but the diffi- 
culty arises when we come to measure the time which it 
takes to pass from one point to another, and without that 
information we are quite unable to determine ihat essen- 
tial fact, its speed. 

The piece to be tested is first turned in a lathe to a cer- 
tain thickness ; what that thickness is does not matter, so 
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Fig. 44* How a piece of steel is shaped for testing. 

long as it is not too large for the weight to break or too 
small to furnish an adequate test. The shape of the test 
piece, ready for testing, is generally something like Fig. 44; 
the thinner central part being the real test piece, the larger 
parts on the ends being simply for the machine to lay 
hold of, and being so much larger than the central part, 
they^ are scarcely affected by a stress which is enough to 
break the smaller part, so that they hardly enter into the 
testing process at all, except for the purpose mentioned. 

Fig. 45 shows the arrangement of the apparatus. It is 
set up in a high building with holes in the floor, so that 
there shall be room to. give the weight a clear fall of 
40 or 50 feet. At the top there is a pulley for hauling the 
weight up, and at the bottom there is an anvil. This 
consists of two blocks of cast iron, faced with hard steel, 
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snpported upon steel uprights at a height of 15 feet ovso- 
above the concrete foundations.# There is a space left 



between the two blocks ft® a pnnwse which we shall see 
in a moment 

The test piece is suspended 1 ^ one end to a strong iron 
. crossbar, while from its loaieiif ^ is suspended a weight. 
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known by the technical name of tup. The crossbar is 
attached by a catch to Mother crossbar near the top. 

The operation of testing p this. The catch is releaseA 
and the tup, test piece, and crossbar fall together for a 
distance of about 30 feet. Then the crossbar is brought 
up short by falling with its ends upon the two blocks of 
the anvil (as shown in dotted lines). They are so heavy 
that the blow has little or no effect upon them, and so the 
crossbar is suddenly arrested. The tup, however, falls 
between the blocks, and so its progress is arrested only by 
the test piece, by which it is fastened to the crossbar. 
The weight of the tup and the height of the fall are so 
adjusted, in relation to the size of the test piece, that the 
latter is not able entirely to stop the movement of the 
falling tup, and so it is tom in two by the sudden pull. 

That is how the test piece is broken. Now we will see 
the means by which the force which broke it can be 
measured, for that is what the machine is made to find 
out, and unless it can do it it is useless. It is easy to find 
out what force the tup was capable of exerting when the 
test piece was broken, for its weight is known and the 
, height which it fell can be measured, and there is a simple 
rule which enables us to tell how fast a body will be 
travelling after it has fallen a certain distance. That rate 
and the weight of the tup give the energy of the tup at 
that moment. The difficulty lies here. We do not know 
how much of this energy the tup needed to expend in 
order to break the test piece. Suppose the test piece had 
been merely a piece of. thread, and the weight a con- 
siderable one, then only a very minute portion of the 
energy would have been used in breaking it. On the 
other hand, it is easy to think of a case in which the test 
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piece would be so strong that the falling tup would be 
only just able to rupture it, and then nearly all its energy 
would be used up in doing s». 

We could, of course, keep on trying experiments with 
a number of similar test pieces, varying the weight and 
height of fall, until we arrived at the point when the piece 
would be thus only just broken, but that would be a 
tedious and unscientific way of doing it, for there is a 
better one at hand. If we think of it for a moment, we 
shall see ’that even though the test piece be broken the 
pull which it exerts against the falling tup, while it is 
being broken, must slow down the speed at which the tup 
goes on falling. We may really think of what happens, by 
imagining the tup to stop for a moment, expend the 
energy necessary to break the test piece, and then, 
having broken it, resume its falling with the energy 
which it had left. 

If, then, we can measure the remaining energy in the 
tup, after the breakage has taken place, and deduSt it 
from what it possessed at the moment of breakage, we 
shall know how much energy it used up in breaking the 
test piece. 

How, then, can we measure this surplus energy ? As 
might be almost expected, electricity helps us to do it 
quite easily. Just as the tup passes on, after breaking 
the test piece, it encounters a piece of thread stretched 
across its path. This is tied to a little electric switch, 
which is very easily opened, and which immediately 
closes again. Current is flowing through this switch, 
and so the act of breaking the thread pulls the switch 
open and stops the current for a tiny fraction of a second. 
Ten feet lower down there is a similar thread attached to 
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a similar switch, so that that is operated a moment later. 
In other words, the interval between the opening of the 
first of those switches andethe opening of the second 
gives us the speed at which the tup travels lo feet 
immediately after the breakage. And, knowing that 
speed, we can easily calculate what energy it had le^t 
after the breakage. 

And that brings us to the recording instruments, which 
automatically take a note of that interval, and enable us 
to work out the necessary calculations at leisure. Most 
people have seen a form of telegraph instrument, known 
as a Morse inker. It consists of a drum, holding a coil 



Fig. 46. Here we see the lines on the paper strip which record the speed at 
, which the tup falls 10 feet after the impact. , 


of paper strip, and the strip is pulled along by clockwork 
between a pair of small rollers, while a pen operated by 
tfee^dciegraph current makes marks upon it. An appara- 
tus of tfiat sort is used here, the strip being made to move 
at the rate of about 5 inches per second. Then there are 
three pens at work upon the strip. Were they to remain 
down, touching it, they would draw three parallel lines 
upon it as it passed under them. One of them does 
actually draw a single straight, continuous line, except 
when one of the little switthes, referred to just now, is for 
a moment opened. Then the pen is deflected to one side, 
and there is drawn a little curve in the hne. The falling 
tup, therefore, causes a curve to be drawn each time it 
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breaks a thread, and the distance between the two curves 
on the strip forms a record of the time which elapsed 
between the two threads being broken. 

^f this interval did not need to be ascertained very 
accurately, it would be enough to know the speed at which 
t‘hc machine was paying out the strip, but that is not 
accurate enough. Therefore the second pen is made, by 
suitable clockwork, to vibrate from side to side, at the rate 
of forty times per second, so that alongside the first 
line theje is drawn another one, made up of curves, each 
curve representing a fortieth of a second, and the number 
of these curves which occur between the curves in the 
other line tell the number of fortieths of a second which 
elapsed. But even that is not enough. The third pen is 
normally off the paper, but at intervals of half a second, 
under the control of a very accurate clock, it comes down 
upon the paper and draws a short line. The spaces be- 
tween these lines then represent intervals of half a second, 
and form a check upon the fortieth-of-a-second curves in 
the other line, so that both together form a very accurate 
means of ascertaining the time interval which the curves 
in the first line represent ; indeed, the interval can be 
determined to within *005 of a second.' 

Since we are here only discussing the principles on 
which the machine works, we need not trouble about the 
precise mathematical means by which the result is 
worked out. It will be sufficient to explain, that the 
calculations have been boiled down into a fairly simple 
formula, which anyone with a knowledge of simple 
arithmetic could work. 


* This machine is installed at Messis. Kirkaidy’s Testing Laboratory, 
London. 
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CHAPTER XIV 

THE GREATEST INVENTION OF ALL 

Of all the inventions that the world has ever seen, none 
has ever had so widespread an effect as that of t}ie steam 
engine. It is, indeed, in my opinion, the paramount 
invention of all time, for even though the internal- 
combustion engine should ultimately displace it, the 
change from the one to the other will only mean a slight 
increase in economy, while the change wrought by the 
invention of the steam engine revolutionized all manu- 
factures and all modes of travel, and brought such a 
change over the surface of the globe as can never be re- 
peatjsd. 

We have already considered the steam engine from the 
point of view of the theoretical power which it ought to 
obtain out of the coal which it uses. We have also ex- 
some modem examples of the steam boiler, 
which must really be reckoned as a part of the steam 
engine. Now we come to the engine itself. 

The first instance, as far as we know, of anything 
being driven by steam was a small turbine, invented by 
the philosopher Hero of Alexandria, just before the 
Christian era. It was only a toy, however, and was put 
to no useful purpose. The idea, in fact, seems to have 
slept until the middle of the seventeenth century, when 
several writers took up the subject of using steam pressure 
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as a motive power. Several attempts were made to 
develop the idea, but at first with little success. As I 
have already mentioned, incidentally, the first successful 
engine did not use the ptesskre of the steam, but only 
employed steam as a means of creating a vacuum, and so 
allowing the pressure of the atmosphere to do work. In 
this connection it is interesting to note the idea of the 
ingenious Dutchman, Huygens, who proposed to create 
the necessary vacuum by exploding gunpowder in the 
cylinder to expel the air. 

About the commencement of the eighteenth century 
the matter became urgent ; for there were mines in Corn- 
wall and the North of England which were in sore trouble 
with drainage difiiculties. Some better means than those 
then existing had to be found to pump the water out, 
or else valuable mines would have had to close. The 
pump was known and used, being, indeed, a very old 
invention, but there was lacking an adequate power to 
work it. These circumstances resulted in the production 
of the famous atmospheric engine of Newcomen. * For 
over half a century these old engines were looked upon 
as the last word " in power production. Then followed 
the improvements of Watt, first of all in the dkefiticn 
of improving the pumping engine (for up till thra it had 
been used for nothing else), and later to the adaptation 
of the same machine for turning things round and so 
driving ordinary machinery. Tj;ie real basis of the engine 
of to-day is the ** Cornish ” pumping engine, which Watt 
brought to a remarkable state of perfection. And no 
better introduction to the en^e of to-day is possible. 

The ‘'Cornish” engine consists, for one may use the pre- 
sent tense, since the type is still used in some places for 
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draining mines and at waterworks,^ of one large cylinder. 
One historic example had a cylinder 12 feet in diameter, 
but the commoner sizes are from 3 or 4 feet up to 9 feet. 
This is placed vertically uAder one end of a huge rocking 
lever, or beam, pivoted upon the top of a strong wall ; 
while to the other end of the beam is attached the rod 
which communicates motion to the pump, known as 
the pump rod. 

Steam is first admitted to the top end of the cylinder, 
so as to push the piston downwards. The piston, being 
connected by rods to the end of the beam above it, pulls 
that end down and, of course, raises the other end, 
thereby lifting up the pump rod. Then a valve, the 
^ equilibrium ” valve, opens and puts the two ends of 
the cylinder into communication, so that the steam is 
free to pass through a pipe from the top side of the piston 
to the under side. The opening of the equilibrium valve, 
therefore, causes the pressure of steam to become the 
same on both sides of the piston (hence its name), and 
when that takes place, the action of a weight attached to 
the pump rod pulls the outer end of the beam down, and 
raises the piston to the top once more ; the steam passing 
freir, upper side of the piston to the under side through 
the equilibrium pipe. So far, we have only seen 
what we might call a preliminary stroke of the piston. 
Now we can see the real stroke, which it goes on repeating 
for many hours at a stretch. 

The piston is at the top. Underneath it, the cylinder 
is full of steam. The equilibrium valve closes, and two 
others open. One of these lets in fresh steam at the top. 


^ A good deal of the water supply of London is still handled by “ Cornish 
engines. 
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while the other lets out the old steam to a vessel near by, 
which is cooled by a jet of cold water. Now steam, it is 
important to remember, is a^gas, and one of the dis- 
tinguishing features of a gas is that it always entirely 



Fig. 47. “ Cornish ” single-acting beam pumping engine pumping water 
from a mine. 

fills any vessel in which it may be placed, provided, of 
course, there is nothing else there already. The vessel, 
to which we[jwill give the proper technical name of con- 
denser, is already partially empty, for there is an air 
pump on the engine which pumps the air out of it. There- 
fore, as soon as the ** eduction " valve, as it is called, 
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opens, the steam begins to rash into the condenser, 
comes into contact with the cold jet, and is immediately 
condensed into water. As soon as the first steam to enter 
condenses, which it mus^ be understood takes place 
practically instantaneously, other steam rushes in to take 
its place, and so there is set up a rush of the old steam 
from the cylinder to the condenser, resulting in a rapid 
condensation of the whole, and producing a fairly good 
vacuum in the cylinder under the piston. 

The other valve, the induction valve, lets steam into 
the top of the cylinder as before, and, since there is a 
vacuum below, it is able to exert its utmost power upon the 
piston, not having even the pressure of the atmosphere 
to resist it. Since, as we know, the pressure of the air 
is about 15 lbs. per square inch, it follows that this use 
of the condenser, in place of allowing the steam simply to 
pass into the atmosphere, is equivalent to adding nearly 
15 lbs. to the pressure of the steam. 

And now there is a most important thing Jo notice. 
Instead of remaining open until the piston has reached 
the bottom of the cylinder, the induction valve closes 
when it has gone only a little way. The steam pushes the 
the rest of the way by virtue of the spring " 
which is in it. 

A pound of steam, by which is meant a pound weight 
of water in the form of steam, at atmospheric pressure 
takes up 26 cubic feet« At 100 lbs. pressure it occupies 
only about 4 cubic feet, which, by the time the pressure 
has reached 200 lbs., has shrunk to about 2. Thus steam 
under pressure is like a coiled up spring, and were it 
admitted to the cylinder throughout the whole of the 
stroke, it would be still ** coiled up at the end, and its 
170 




Fy fcr3,i,ss:oH .j/l \ Messrs. Babcock Wikox, 

Ax Automatic Railway 

The truc'^ seen in the foreground is loaded isiih coal at the top of the incline. It runs down of its own we 
pulling up a oalance-weigha as it goes. At a predetermined point a catch releases the doors and the coa! fall- 
The balance- weight then pulls the empty truck baca again. Thus its w'orking is quite automatic. 
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spring ” would only come into operation after it had 
liberated from the cylinder. All that pent>up forc^ 
iK>uld therefore be wasted, cutting off the supply 
vhen only a part of the stroke has been accomplishedi 
^ch of it is captured and used. For suppose it comes 
fron^e boiler at 200 lbs. pressure, and is cut off at one 
^uarte^Sf the stroke. Then the cylinder will be one-* 
juarter-fulhof steam at 200 lbs. As the piston goes on 
t will give more room for the steam, which will expand, 
pushing the^ piston as it does so (but with a continually 
iecreasing force) until it reaches the bottom. Then the 
:ylinder will be entirely filled with steam, for the original 
quarter cylinder-full will have increased fourfold in 
volume. Now a certain quantity of steam at 200 lbs. 
only occupies about one-fourth of what it does at 30 lbs. 
Consequently, when the piston reaches the end of its 
stroke, the steam will still be pressing upon it with a force 
of 30 lbs. per square inch. The pressure will have gradu- 
ally fallen,from 200 lbs. to 30 lbs., but still there will be 
30 lbs. left at the finish. ^ ^ 


A difficulty arises here. Even at 30 lbs. there is a lot 
of work still left in the steam ; indeed, the ideal thing 
would be to allow the steam to expand until it had lost 
every ounce of pressure, for until it has done that there 
is still work to be got out of it. But unfortunately, as we 
saw in the last chapter, as the pressure decreases the 
temperature decreases too, so if wq expand the steam too 
much in one cylinder we cool the cylinder considerably, 
end then, when the next of steam from the boiler 
enters, it meets with such a chilly reception from the walls 
of the cylinder that it forthwith partially condenses, and 
much power is lost. Therefore there is a limit to the 
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amount of expansion which can be permitted. How this 
difficulty is overcome we shall see in a moment. 

When the piston reaches the bottom the eduction 
valve closes, the equilibnum valve opens, and the pisto:^ 
goes up again. 

We need not follow the details of the “ Cornish " ^ingine 
any farther, for we are mainly concerned with the more 
recent developments, and it has already served its pur- 
pose of illustrating the main points which have to be 
taken into account in any steam engine. We have seen 
how the steam pushes the piston, first by the pressure from 
the boiler due to the other steam behind it pushing it 
along, as a man in a crowd is sometimes pushed along by 
the people behind him. Then, when it is safely in the 
cylinder and relieved from that “ pushing from behind," 
by the cutting off of the supply, we see how it can do work 
in the cylinder by the energy which is actually stored up 
in itself. We have noticed, too, how this stored energy 
can only be partially used in one cylinder, and we have 
seen the function of the condenser. With that foundation 
of knowledge to work upon, we can proceed to consider 
the more modern inventions in the realm of the steam 
motor. 

In the “ Cornish " engine the steam acts only one way. 
The up-stroke of the piston is idle. In the engines for 
producing a rotating motion Watt used both strokes. The 
steam entered at one >?nd and pushed the piston one way ; 
then it entered at the other and pushed it back, and so 
it went on continually. ^ Sucli engines are termed double- 
acting, to distinguish them from those which, like the 
*' Cornish" engine, are "single-acting." Most modem steam 
engines are double-acting ; indeed, there is only one type 
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of steam engine at all largely in use now which is “ single- 
<rc^itg/' That introduces a difficulty in admitting and< 

S eleasing the steam from the fli^linder, which does not 
ccur in the “ Cornish engine. In it the valves are pos- 
sesW of long handles, while attached to the beam there 
hangMown a long vertical rod called the plug rod, from 
which cerftdn pegs project. As the beam moves up and 
down the plug rod of necessity goes up and down too, 
and the pegs knock against the long handles of the valves 
as they pass^ and so open and close them at the proper 
times. 

Almost the first kind of valve used with the double- 
acting cylinders was the slide valve, so called because it 
works by sliding to and fro upon the valve face. This 
latter is a flat surface formed on the side of the cylinder, 
in the centre of which are three holes. Each of these holes 
is the end of a passage formed in the thickness of the 
cylinder wall. For the sake of distinction we will call them 
one, two, and three. If steam be admitted to number 
one it will pass through the passage and into the cylinJer 
at one end. If it be admitted to hole number three it will 
enter the cylinder at the other end. If it be admitted to 
the middle one (number two) it will pass out of the cylin- 
der altogether, either to the open air or to the condenser 
if one is being used. The passages are known technically 
as ports, the outer ones being the “steam ports “ and the 
middle one the “ exhaust port.“ ^ 

The slide valve itself is like a lidless box which slides to 
and fro upon the valve face,''^^^ two surfaces which meet 
being carefully scraped perfectly flat and smooth so that 
steam cannot get between them. 

A cover is placed over the valve face so as to form a 
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chamber called the steam chest, inside which the valve 
^ move about. There is a hole at one end fitted with"^a^ 
stuffing-box, through wlj^h passes the valve rod, whosei 
function it is to move the valve backwards and forwards^! 
The steam chest is in communication with the boiler/ sa 
that it is always filled with steam at boiler pressure, and 
it is clear that if either of the ports be uncoyfred steam 
will pass through it into the cylinder and push the piston. 
On the other hand, if there be steam in the cylinder 
already, the other side of the piston, then* it will en- 


Three potiUoni of the slide valve. 

A. Steam entering left*hand end of cylinder. 

B. All ports covered. (The “dead point.”) 

C. Steam entering right-hand end of cylinder. 

degyour to find a way out through the other steam port, 
and the valve must provide a way for its escape. 

A glance at the three diagrams, Figs. 48, 49, and 50, will 
now make everything quite clear. In the first the steam 
in the steam chest is finding a way through the left-hand 
steam port into the cylinder, and is pushing the piston to 
the right. Meanwhile, the steam which was left in the 
cylinder after the previous stroke is being pushed out 
through the right-hanS steam port into the inside of the 
slide valve. Now the motion of the valve is so regulated 
and its size is so adjusted that the exhaust port is always 
open to the inside of the valve, and so the old steam, or 
"exhaust steam," passes through the interior of the 
valve to the exhaust port and out. 
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As the piston proceeds to the right it turns the crank 

the engine, and thereby turns the eccentric which movcS 
•the valve. We need not troul^Je at the moment about 
the construction of the eccentric. It will be enough to 
Jcnow that the effect which it produces is to push the valve 
to and fro just as it would be pushed if it were connected 
to a small crank. Therefore, since all these parts work 
together, it follows that as the piston travels from left to 
right the valve will move from right to left, until it 
reaches the position shown in Fig. 49. Then for a moment 
both steam ports will be covered, and the engine will be 
on what is termed the ** dead-centre.*' The steam will 
be entirely cut off from the cylinder, and will be exerting 
no effort at all, so that unless some other outside force 
keeps the piston moving the engine will stop. If it has 
a fly-wheel the momentum of the fly-wheel will carry it 
over this dead-centre until the right-hand port becomes 
open to the steam, which will then pass to the right-hand 
end of the cylinder, pushing the piston back from ri^ ht 
to left, the steam which we saw entering in the first dia- 
gram being now the ** exhaust steam," and finding a way 
of escape back through the same port which it entered by, 
and then through the interior of the slide valve to the 
freedom of the open air, or to annihilation in the con- 
denser. This series can, of course, be gone through over 
and over again, and so the engine, if left to itself and kept 
supplied with steam, will go on indefinitely. 

Now the steam, as we have just seen, passes out of the 
cylinder through the same port by which it entered, and, 
as we also know, it is, owing to the expansion which it has 
undergone, considerably cooler when it comes out than 
when it goes in. Consequently, as I have already hinted, 
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the exhaust steam cools the surfaces of the ports, and 
every time live steam enters it is partially condensed 
by coming into contact wi^^h the walls of the ports, which 
have just been cooled by the exhaust steam passing out. 
And that means loss of pressure and consequent loss of 
money to the man whose work the engine is doing. In- 
deed, we see there one of the places where the leakage 
takes place which accounts for the poor efficiency of the 
steam engine. 

Further, the ports have to be of considerable ^size. They 
are bound to be, taking the two together, nearly as long as 
the cylinder, and they have to be of considerable capacity, 
too, for if they are too small there is friction between them 
and the steam rushing through them, and that means 
waste of power, just as much as friction in the bearings of 
a bicycle causes the rider to have to exert himself unduly. 
Therefore the steam ports hold a lot of steam. And the 
result is that quite a lot of it never gets into the cylinder 
at all. Many years ago I attempted to visit Barnum and 
Bafley^s show when it was in London. I got as far as the 
crowd at the entrance, and waited there some time, only 
to be told eventually that there would be no more ad- 
mitted that night. Now at each stroke there is a quantity 
of steam equal to the cubic capacity of the steam port, 
which has a very similar experience. It gets past the 
valve into the port, but since other steam has already 
filled the cylinder it gets no farther. When the stroke is 
completed it all has to come out again, and that steam in 
the port itself passes away to the exhaust without ever 
having been into the cylinder itself at all. This space 
which holds steam without giving it a chance to do any 
work is known as ** clearance/' and in some engines it will 
176 




An Invuinc. PKO'.rF* !- on v Hoi D w 




The Greatest Invention of all 

amount to as much as lo per cent of the capacity of the 
cylinder. 

Another weak point about l^e slide valve is that it 
opens and closes the ports gradually. Now, whenever we 
let steam pass through a small opening it has to force its 
way through, and so a part of the energy which ought to be 
available for driving the engine is wasted in that useless 
way. The ideal is for the valve to open suddenly and give 
the steam the freest possible passage for so long as we 
want it to flpw, and then to close again just as quickly. In 
short, so long as the valve is open, but not wide open, it is 
wasting the steam's energy. 

These three things, the condensation caused by the 
steam going in and coming out thro^h the same ports, the 
loss due to the clearance," and the waste through the 
slow closing and opening of the valve, are unavoidable in 
small and simple engines, for the cure would be more 
costly than the disease ; but in large engines they are 
dealt with,^d great economies effected. 

There are, perhaps, no more economically drived fac- 
tories in the world than the cotton mills of Lancashire, 
and they generally derive their power from a single 
Corliss steam engine of large size, frequently over 
1000 horse-power. Th^ engines are called Corliss be- 
cause they are fitted wim valves of a type invented by an 
American amateur engineer of that name in the year 1848, 
the purpose of which is to minimiae the losses we have 
just been referring to. 

The two diagrsyps, Figs. 51 and^z, show a comparison 
of the two valves. One represents a cylinder fitted with 
a slide valve, and the other one with Corliss valves. 

The Corliss valve itself is very simple. It 13 little more 
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than a tap such as is used on an ordinary gas-fitting much 
magnified. There is a hole across which the steam passes. 

In this hole there fits a ro^d plug, with a passage through' ( 
it. When in one position this passage forms part of the 
channel for the steam ; but if it be turned something less 
than a quarter of a circle the passage in the plug is then * 
across at right angles to the passage, for the steam and the 
solid part of the plug forms a barrier past which the steam 
cannot travel. Then, instead of one valve, as in the case 



Fig, SI, 

Section of cylinder fitted with Corliss 
valves. 

(Notice how small is the waste space.) 



Fig. sa. 

Section of Cylinder with ports for 
slide valve. 

(See how much more waste space 
there is here than with the Corliss 
valve,; 


of the slide valve, there are four to each cylinder — ^two in- 
let and two outlet. Each one is placed as close as possible 
to the cylinder, so that the ** clearance is reduced to a 
minimum, and as the steam come? in at one valve but goes 
out at another, that chilling actioh which I described just 
now is largely prevented. 

Finally, there is an apparatus for opening and closing 
the valves quite different from that used with the slide 
valve. It is often worked by an eccenjric, it is true, but 
the eccentric does not directly move the valve. It works 
through a mechanism of some sort, in which usually there 
are springs and catches used. There are a variety of forms 
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of these mechanisms, but you can easily see the idea from ^ 
general description. Imagine that the valve is fully open 
^ and the steam entering the Cylinder. The eccentric 
pushes a rod, but it does not move the valve, for it is held 
in position by a catch. Instead, it compresses or pulls out 
a spring. When it has travelled a certain distance, how- 
ever, the motion of the rod trips the catch and sets the 
valve free. Then, under the influence of the spring, it 
suddenly flies to, so that the closing, instead of being 
gradual, as .the movement of the eccentric rod is, is quite 
sudden. Then, as the rod returns, the same thing is re- 
peated, and at the proper time the valve flies open again. 

I have described this at some length since it gives a 
good idea of the problems which^nfront the makers of 
steam engines and other machines as well, problems which 
are often quite unknown to those who are not actually en- 
gaged in grappling with them. One is inclined to think 
that a steam engine is a steam engine, and that the pre- 
cise details are more or less unimportant, depending 
mainly on the ** taste and fancy," to use a well-known 
phrase, of the designer. Yet the shape and form of the 
valves, as I have shown, make a great difference to the 
coal bill, a matter of no small importance when the owner 
of the engine comes to^ake up his balance sheet at the 
end of the year. • 

I mentioned just now the difficulties which were in the 
way of using the full expansive foree of the steam in one 
cylinder. This was recognized quite early in the history of 
the steam engine^or as long ago^s 1781 Jonathan Horn- 
blower had the idea of using two cylinders, and letting the 
steam, after it had done work in one, pass into the other 
and do some more work there. At that time, however, 
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■ind fox long afterwards, the pressure of the steam used 
was too low to make this worth doing. With improve- 
ments, however, in the ronstruction of boilers, higher 
pressures became possible, and then the idea became 
practicable. Why the pressure makes so much diiference 
is this. Steam at low pressure has only a little " spring " 
in it, and so what little there is can be very largely utilized 
in one cylinder. If steam at 30 lbs. pressure, for example, 
be expanded to three times its volume it will be just about 
at the pressure of the atmosphere. Therefore three times 
is the limit of expansion in such a case— in practice it 



Fig. 53. PUgram expUining the advantage of using iteain jwice over. 

would be less than three. On the other hand, if the steam 
be at a pressure of 250 lbs., it can be expanded thirteen 
or fourteen times. 

At first sight it is hard to see how this use of steam 
in several cylinders can be any advantage. The principle 
of the thing can, however, be matw quite clear by a con- 
crete example. In Fig. 53 we have two cylinders, each 
with a piston, the two*^ pistons being connected by means 
of a rod. Such an arrangemept is called *' tandem,” from 
its resemblance to the ^srangement of^.two horses in a 
vehicle known by the same name. It is an arrangement 
often used in steam engines. 

You will observe that the low-pressure cylinder is much 
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lat^ger in diameter than the other. Let us suppose that iis 
, piston has an area of 200 square inches, while the smaller 
one is only 100. Then we will assume that the left-hand 
end of the high-pressure cylinder is full of steam which 
has just done its work there, and having been cut off early 
and expanded, say four or five times, has fallen to the 
moderate pressure of 40 lbs. to the square inch. If the 
valve A be opened the steam will pass from the smaller 
cylinder to the larger, and then there will be a force of 
about 40 lbs. on every square inch of both of them. The 
steam will, of course, be pushing the small piston to the 
right with a total force of 100 times 40 lbs., but it will be 
pushing the larger to the left with a force of 200 times 
40 lbs. Since they are connecteiypgether, then, they will 
both move to the left with a force of 4000 lbs. 

Of course, at the same moment that the valve A was 
opened, another valve would open too, and so new steam 
from the boiler would be at work on the right of the small 
piston; but whatever the live steam may do, it will be 
powerfully reinforced by the expansive efforts oflhe old 
steam left in after the previous stroke acting against the 
larger piston in the low-pressure cylinder. 

For you must observe that the whole thing depends 
upon the second pistoif being larger than the first. If they 
were the same size th% old steam would press with equal 
force on both, and in opposite directions, so that the 
advantage would be nil. • 

Sometimes more than two cylinders are used in this 
way, but there are never mora than four. The principle 
is just the same, however many there may be ; the steam 
keeps passing from one into a larger one, until nearly all 
its expansive force is utilized. As it expands, the same 
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fall in temperature takes place which would happen in a 
single cylinder ; but when there are several the drop is . 
divided up over them all, so that the difference between 
the heat of the incoming and the outgoing steam is in 
each of them reduced to the lowest possible limit. 

When there are two cylinders through which the steam 
passes in succession the engine is called compound. When 
three it is termed triple-expansion, and when there arc 
four it is quadruple-expansion. 

Like every other good thing, however, this has its draw- 
backs. That is to say, there are considerations which 
prevent us from taking full advantage of it. For one 
thing, when the steam has been expanded to any great 
extent there is such airt of it that it is difficult to make 
the ports large enough to carry it from one cylinder to 
another without much force being lost in friction against 
the walls of the ports. A greater difficulty still is to make 
large enough valves to control it. There is, of course, 
little or no limit to the size of valve which celin be con- 
structed ; but these have not only to be large, they must 
be such that they can be opened and closed very quickly. 
That is the difficulty, the necessity for rapid operation. 

I mention this specially, for, as we shall see presently, it 
gives us the key to one of the g^eat advantages of the 
steam turbine. 

Another objection to the slide valve, besides what I 
have already mentioned, is that it needs so much power 
to move it. The force of the steam is all the time pressing 
it down upon the valve face, and this results in so much 
friction that in some cases as much as lo per cent of the 
power of the steam engine is taken up in working its own 
slide valve. In many modern engines, therefore, a species 
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of valve, known as " drop valves,” is used. These are 
formed of two small pistons placed upon the same rod like 
those described under the name of ” equilibrium valves ” 
in the second chapter. There are often separate drop 
valves for each end of the cylinder, and they are opened 
and closed by a spring catch arrangement such as I de- 
scribed in connection with the Corliss valves. In their 
case there is no tendency for the steam to press them 
down upon the valve face, and consequently little force is 
required to work them. 

In this and the two preceding chapters I have en- 
deavoured to let my readers into the secrets underlying 
the use of heat for generating power, more particularly 
by means of the steam engine, ^d to show the gradual 
growth of the modern steam engine, in my estimation the 
greatest mechanical invention of all time. In a later 
chapter I will endeavour to round off the subject by giving 
a description of several typical examples of important 
steam engines in which the principles we have been dis- 
cussing are embodied. * 
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CHAPTER XV 

THE MODERN LATHE 

In no branch of engineering have inventors been more 
busy during recent years than in improving this valuable 
old machine. And on no object could inventive genius 
be better employed, for it is of all machines the most 
useful. As far as I know, its origin is quite unknown, 
but it probably grew up out of the potter's wheel, or some 
other primitive form o^^opliance, which sought to shape 
articles by giving them a rotating motion. 

Even in its simplest form it is of the utmost value, 
for so many things can be done with it. Volumes could, 
and indeed have, been written describing the many 
objects, some severely useful and others purely orna- 
mental,* which can be made with it. Some of the most 
beautiful forms, such as scrolls and curves, can be cut 
on a lathe by means of a few simple tools. 

But the great improvements which it has undergone 
of recent years are most of them in the direction of making 
it largely automatic, so that the man who is using it 
can do more work in a given time. 

It consists essentially of a spindle, which rotates in 
a horizontal position in two bearings. It is driven by 
means of a leather band, or belt, which' works on to a 
cone pulley, the purpose of which was explained in an 
earlier chapter. 

A good example of a simple lathe, such as is used for 
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general work, is shown in Fig. 54. On the left we see 
. the headstock, as the spindle with its bearings, pulley, 
etc., is termed, and the spindle is seen projecting through 
the right-hand bearing with a small disc attached to the 
end of it. That disc is a ** driving plate,” and the 
” centre,” a sharp-pointed piece of steel which fits 
into the end of the spindle itself, is clearly projecting 
beyond it. 

On the right is the loose headstock, sometimes called 



Fig. 54. A typical up'to>date latlie for general work. 


the tailstock. It, also, has a hard steel centre projecting 
from it, which centre can be fed forward a little when 
needed by turning the hand-wheel D, at the extreme 
right of the tailstock. * The latter can also be moved along 
the ” bed,” from where we see it right up to the headstock 
if need be, and it can be fixed at any desired point by 
means of a screw. 

The bed is practically a strong iron beam, made very 
straight and true, and supported on legs, on which the 
other parts are mounted. 

The rather complicated arrangement in the middle is 
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the ** slide-rest/* which carries the tool which actually 
does the cutting. It is a three-storey arrangement. The . 
bottom storey, which is called the ** carriage,” can slide 
along the bed or be fixed as desired. To move it by hand 
it is only necessary to turn the hand-wheel marked A. 
Then, carefully fitted to it by means of a kind of dovetail 
joint is the cross-slide. This can be moved to and fro at 
right angles to the bed by the hand-wheel marked B. 
Finally, on the top of that is the longitudinal slide, which 
is moved lengthwise of the bed by the little handle F, 
to be seen on the right. 

The tool is fixed to the longitudinal slide, being clipped 
down by means of two or more screws. 

Now suppocoiify^jygnt to turn a long cylindrical 
object, like a bar of iron, in order to make a piece of shaft 
or a spindle. We bring the tailstock up till there is just 
room enough to get the bar in between the two ” centres,” 
Then, by means of hand-wheel D, we push the back 
centre up to it, until the bar is clipped between the two, 
but can turn round freely, supported entirely between 
the two sharp steel points. But that will not drive it 
round. In order to do that we first, before we put the 
bar in between the centres, clip on to it, by means of 
a screw, a short iron bar, called a driver, which, coming 
into contact with the short pin which we can see sticking 
out near the edge of the driving plate, is pushed round 
by it. ‘ 

Then we put a suitable tool in the slide-rest, and slide 
the rest along the bed until it is at one end of the bar. 
We feed the tool up to its work by turning handle B until 
it is cutting to the required depth, and then we can either 
work it along by turning hand- wheel A or the handle F, 
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or we can leave the lathe to do k itself. If we decide on the 
latter, we move the handle E, thereby causing certain 
teeth under the carriage to engage with the thread of 
that long screw, the leading screw, which is so clearly 
shown running along the front of the bed. That is driven 
by means of tooth wheels from the cone pulley, and then 
is able to move the carriage slowly along. We can vary 
the speed at which the carriage will travel by varying 
the speed of the screw, and that can be done by changing 
the tooth wheels which drive it. You will notice on the 
right of the machine a pile of tooth wheels : they are 
the ** change wheels,'" and by putting in different com- 
binations of them the speed of the screw can be varied 
almost infinitely. ^ 

That is particularly useful if we \/ant to cut a screw 
thread in the article we are turning. Screw threads vary 
according to certain standards, which generally prescribe 
so many threads per inch for each diameter. For example, 
in the well-known ** Whitworth ” standard, a 4-inch 
screw would have three threads to the inch. The change 
wheels would in that case be arranged so that, while the 
spindle turned round three times, the carriage would be 
pulled along by the screw exactly one inch. Then the tool, 
which would, of course, be a sharp-pointed one, would 
cut a spiral groove ih the bar, in other words, a thread, 
having three turns in every inch. 

Then suppose that, having finished our piece of shaft, 
we want to machine something flat, like a small fly-wheel. 
We shall push the tailstock right to the other end of the 
bed, for we shall not want it, and it will be out of the way 
there. Then we shall remove the centre from the end 
of the spindle and also the driving plate. In place of the 
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latter we shall screw on to the end of the spindle that 
found plate with holes in it which is at present lying 
on the floor under the lathe. That is called a faceplate, 
and by means of bolts through some of the holes we shall 
fix the wheel on to it. There will probably be four things 
needing to be done to the wheel. One is to turn the edge 
of the rim clean and true. The next will be to do the same 
to the sides of the rim. Then the boss (or hub) will have 
to be " faced/’ that is turned quite flat and smooth ; 
and, finally, the hole in the centre, where it will fit on the 
shaft, will have to be bored out. 

We can turn the edge of the rim in just the same way 
as we did the shaft, but for the side we shall have to turn 
the tool sat* 4 ^ 

whereas, of course, before it was across it. Then we shall 
bring up the carriage into a convenient position, and by 
manipulating handle C bring the tool up to its work. 
Then we start to turn hand-wheel B, and so move the tool 
across at right angles to the centre line of the^machine, 
and so we shall cut into the wheel and take a shaving off 
the side of the rim. When we have done that we can do 
the boss in the same way, and that will bring us to the 
boring out of the boss. To do that we shall put in a new 
tool, and move the cross-slide until it is just opposite* 
where it must begin to cut. Then,' if we feed the longi- 
tudinal slide forward, it will carve its way into the metal 
and turn out the hole clean and true. Finally, we shall 
have to take the wheel off thp faceplate, turn it round, 
and fix it again for turning the other side of the rim and 
boss. 

But suppose that, instead of a flat article like a fly* 
wheel, it was something which could be easily held by 
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gripping its edges. Then we should take off the face- 
plate and substitute the chuck,” which is lying ready 
upon the floor. This is something like a faceplate, only, 
instead of having a number of holes, it has two, three, 
or four (in this instance four) jaws with which it can grip 
an article, like a vice. These jaws move to or from the 
centre in a radial direction and are worked by screws. 
In some one screw is made to work them all, and so, 
as they approach or recede from the centre all together, 
anything held by them must be held in the centre of the 
chuck. Its centre, in fact, must coincide with the centre 
of the lathe spindle, which is what is wanted in the 
majority of cases. In other chucks the jaws are indepen- 
dent and have to be screwed then it is 

sometimes a little difficult tO get' the work fixed exactly 
central, if it is so required. A machine such as I have just 
described is capable of doing all sorts of work ; in fact, 
it can do almost anything, provided the object operated 
upon is not larger than the lathe is constructed to take. 
There are others, however, which are construfted for 
doing special kinds of work. They cannot do such a 
variety, but what they do they can do quicker. 

The kind known as turret or capstan lathes are largely 
used for special work, and as they embody a number of 
very ingenious inventions, we will turn our attention to 
them. Let us take one with what is known as ” wire- 
feed,” and is employed for making large numbers of 
small articles, such as pins or screws, of which great 
quantities, all alike, are required by engine-builders and 
for other work. 

To start with, the spindle is hollow, so that, instead of 
cutting up the bar out of which they are made and 
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putting each small piece in as it is required, the end of the 
bar is simply inserted through the hollow spindle, an , 
article is made off it, the end of it is cut off, the bar is 
fed up until the new end is in position, a second one is 
made, cut off, the bar fed up again, and so on until the 
whole bar is used up. 

There is no tailstock to a lathe of this description, but 
there is a more elaborate form of slide-rest. It is, in 
principle, like the other, but on the top of the upper slide, 
instead of the clip for holding the tool, there i^ a turret. 
This is either round, like a small cheese, or else hexagon, 
like a large nut. In each face of the hexagon, or at equal 



Fig. 55* The pin whose manufacture is described. The dotted line 
shows the original size of the iron. 

intervals if it is round, there is a hole into wh^ch a tool 
can be fitted and held by a screw. The slide with the 
turret upon it can be fed up very quickly by a large hand- 
wheel. 

Now suppose we want to make a few thousand pins 
like the one shown in Fig. 55, we shall need four tools, 
and a plain piece of iron in the turret, and we shall put 
one in each of five of the holes in the order in which we 
shall need them, starting with the plain bar. We shall 
make certain adjustments, the reason of which you will 
see in a moment, and then we shall be ready to begin. 
A round rod an inch in diameter is our raw material, 
and that we push into the hollow spindle, leaving the 
further end of it supported upon a standard fixed to the 
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floor on purpose for it. At the headstock there is a short 
lever, and by pulling this towards us we bring the bar 
forward until its end comes against the end of the plain 
bar in the turret. That means that we have got sticking 
out of the hollow spindle just the length of bar that we 
need for the job. Then we push the handle back, and that 
operates what we might call a chuck concealed in the 
spindle itself. No fiddling about, you will notice, 
putting the bar in its place and getting a key to tighten 
up the chuck, or anything of that sort ; just two move- 
ments of the handle and the bar is brought into the 
correct position and fixed. 

Then the turret is run back by a quick turn of the large 
hand-wheel (and because it is larf^ it easy to 

do), and the turret automatically Turns round, so that 
the first tool takes the place of the short bar and is ready 
for its work and in the correct position. Then we feed 
that forward, and it cuts the half-inch portion roughly 
to size, soon as it has pared down the bar to nearly 
ha:f an inch in diameter for a length of an inch4t comes 
against a ** stop," which we had previously adjusted, and 
will go no further. So we run it back again, the turret 
turns again and brings the second tool into position, 
^hat we bring forward and so cut the J-inch portion 
roughly. Again a stpp prevents us from going too far, 
so we back the slide, and this time a " finishing " tool 
comes into play, which takes a tljin finishing cut off the 
l-inch part, to be followed by one which finishes the 
}-inch part. ^ 

Now there is another little appliance which has not yet 
been mentioned, a small slide-rest which works across 
the centre line of the lathe only. Its main function is 
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to cut off the work from the bar when it is finished, but 
it can be put to other uses as well. It has two posts, to 
each of which a tool can be fastened, and these stand up 
on either side of the work, while the slide itself runs 
underneath the work. Thus, if we bring the slide towards 
us, the tool fixed the other side comes into contact with 
the work ; whereas, if we move it away from us, the tool 
nearest to us comes into action. One of these tools we 
arrange so that it will shape the head, while the other cuts 
the finished pin from the bar. We have a short lever 
by which we can quickly move this slide, so as soon as the 
last tool in the turret has done its work we push the lever 
from us. In less time than it takes to tell it, the proper 
shape has^i^qyg^'Ui to the head, then the lever is moved 
in the opposite direfeon and the pin is cut off. Another 
quick movement of the feed handle and the bar is fed 
forward and gripped, ready to start making another, 
the turret is brought up, and the whole thing gone through 
again, 

Anyon*^ who has followed this description will be 
forced to confess that we have here a wonderful invention. 
The simpheity of it all — the turret with all its tools 
ready and waiting their turn to come into action, the stops 
which make everything come the right size without any. 
measuring, the feeding in of the long.bar, and the gripping 
of it by one to-and-fro movement of a handle — it is all 
so simple, so quick, and so effective that it compels 
our admiration. 

But we can go a step further.’ What has been described 
is a semi-automatic lathe. There are full automatic 
lathes, in which the operations just described follow each 
other almost spontaneously, with very little attention 
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from anyone. I will not attempt to describe the 
mechanism of these except in general terms. When you 
review the actions of the workman in operating a semi- 
automatic lathe you will see that they consist simply 
of two motions. There is first the to-and-fro motion 
of the feeding handle, and then a turning of the hand- 
wheel, which works the slide on which the capstan 
stands. There is no need for intelligence or skill after 
the machine has once been adjusted; and therefore it 
is not difficult to see that a simple mechanism added to 
the semi-aVitomatic will enable it to perform these two 
movements automatically. 

In working brass different methods can be used from 
those necessary with iron or steel. For qnejjjir.g, brass 
is so soft that it can be turned a nigher speed, and so 
** brass-finishers’ " lathes often have no back gear," 
but are driven direct by the belt, the cone pulley being 
fixed upon the shaft. 

For some purposes a lathe is better if it be stood up 
on one end. Of course, I do not mean that a lathe such 
as I have been describing should be hoisted into that 
undignified position, I mean that lathes are made which 
rotate about a vertical axis. They are then generally 
called turning and boring mills, but they are actually 
;(fertical lathes. One great advantage which they have 
over the ordinary lathe is that the work is so much 
easier to fix. This seems a prosaic reason to the general 
reader, but it is an important one to the works manager, 
who has to get a given amount of work done with the 
minimum ot lalJour. Just now, in imagination, you 
assisted me to turn and bore a wheel. Now suppose that 
wheel weighed only a hundredweight, not a very great 
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weight, do you think you or I could have fixed it in the 
chuck or on the face-plate single-handed ? For certain 
we could not, but when the face-plate is like a table, and 
only a couple of feet or so from the ground, it is quite 
different. One strong man could do it then, for he would 
only need to lift it on, and then he could push it into its 
place, and there it would stop of its own weight until he 
fixed it. Indeed, it needs very little fixing to the face- 
plate, for its own weight, which makes it so awkward in 
the lathe, is an actual help in the boring miD. In short, 
it is like the difference between fixing a thing on the wall 
and on the floor. 

In modem engineering, accuracy is the great thing. 
A thousandtl^^ 2in inch is quite a large error, and even 
the best lathe is not aCcurate enough for some work. 
Moreover, some steel used in modem machinery is too 
hard to be cut by a tool in an ordinary lathe. Then a 
variety of lathe called a grinding machine is used, 
which can make things accurate within much finer limits 
than a thousandth of an inch, and which can tackle the 
hardest steel. 

These machines are practically only lathes, in which a 
revolving wheel of emery takes the place of the tool. 
There is this further difference, however. In the lathe 
the tool moves along the work, cutting as it goes. In the^ 
grinding machine the wheel is more often stationary, 
except for its rotating motion, and the work, also re- 
volving, moves in front of it. Both headstock and tail- 
stock are mounted upon a sliding bed, which is able to 
slide along upon the bed proper. Thus the work travels 
along and turns at the same time, and as it does so the 
emery wheel grinds it. 
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CHAPTER XVI 

SOME MODERN STEAM ENGINES 

In a previous chapter we traced the gradual development 
of the steam engine, and noted some of the features which 
have helped to bring it to its present state. In this 
chapter I propose to give a brief description of some 
recent specimens, typical of the steam engine of to-day. 

Pumping water was the first use to which steam engines 
were put, and this duty is stilly a very ii.iportant one. 
There are some splendid examples of machinery, there- 
fore, to be found in the up-to-date waterworks. Such 
engines are usually very large, for unless pumps of the 
centrifugal type are used the speed has to be very slow. 
A little high-speed electric-light engine may therefore 
be rated at as many horse-power as a large jJhmping 
engine, yet it will be but a fraction of the size. The 
reason for this is the heavy, inelastic nature of the sub- 
stance which they have to deal with. The pumping engine 
has to push by main force a body of water weighing many 
tons along pipes perhaps miles long. To do this at a high 
speed would produce higher pressure in the mains than 
they are able to bear, and so the aation of such engines is 
alwa}^ slow and deliberate. . 

I saw recently one of the latest .engines installed by the 
Water Board of London, possibly the largest of its type 
in existence, and a short description of it may be interest- 
ing. The engine-house is a massive rectangular building, 
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and the engine occupies the centre. The engine itself is 
a three-storey structure, for it has two stages built around 
it above the floor-level. Let us ascend the stairs to the 
highest level to commence with. There we are on a level 
with three massive cylinders (for it is triple expansion), 
which appear as if they were standing vertically upon the 
floor on which we are. 

The largest of these is 5 feet in diameter, and they are 
all long enough for the piston to move 4 feet at each 
stroke. In front of us runs a shaft, which operates the 
valves, of the ** drop type already described. 

Descending then to the next floor we are able to see the 
massive iron columns which support the cylinders above 
us, and,* of course, the platform which we have just left. 
We also see here the re-Water, through which the steam 
passes on its way from one cylinder to the next. This 
consists of passages kept hot by live steam direct from 
the boiler, so that the partially used steam which has lost 
some of its heat is here able to pick up some mpre and go 
on its v^y rejuvenated, as it were. Here, too, we see the 
massive piston rods issuing from the ends of the cylinders, 
and going up and down with apparently irresistible force. 

On descending further to the ground-level we get a 
view of the great shaft with the three heavy cranks 
formed in it, and at each end a huge fly-wheel, 15 feet in 
diameter. Strong steel rods convey the motion of the 
engine down through the floor to the pumps in the chamber 
below. 

The cranks are set at £pi angle of 120 degrees, so that the 
turning effect of all three cylinders combined shall be as 
nearly as possible uniform. This seems a simple matter, 
but it is of considerable importance, for there is one point 
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in'the piston's career, namely, just as it reverses its direc- 
tion, when it is doing no work. If the cranks were all set 
the same way, or even if one were set exactly opposite to 
the other two, this “ dead centre,” as it is called, would 
occur at the same moment in all three cylinders. ^ Being 
set at 120 degrees apart, however, the dead centres occur 
in succession at equal intervals, and never two together. 
Just as one cylinder is doing for the moment no work at 
all, the other two are in a position to work well, and so 
the turning effect is kept uniform. The same arrange- 
ment, it may be interesting to note, prevails on locomo- 
tives. There there are two cylinders, and the cranks are 
placed at right angles, apparently a clumsy, unbaUu^^ 
arrangement. It would seem as if it would be much better 
to put them opposite so that they may balance each other. 
Yet really it is most important, for it prevents a locomo- 
tive ever stopping upon a dead centre and being unable 
to start itself. So long as they are at right angles, even 
should one be on the dead centre, the other woul^ at that 
moment be in the position to exert the greatest power. 
So the turning effect of the two is uniform. 

The huge fly-wheels, too, are specially needful in pump- 
ing engines, for, as I have already said, it is not practicable 
with any ordinary pumps to move the water very fast. 
The engine is, therefore, always working against what we 
might call a dead load. The rotating part of a dynamo, 
for example, is quite different, for it is to a certain extent 
” alive ” by virtue of its momentum, and so helps the 
engine driving it*to keep up a steady speed. 

The slowly moving column of water, however, needs 
to be continually pushed along, and so, but for the fly- 
wheel, the expansion of the steam woulrf be impossible. 
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At the commencement of the stroke, with the full boiler 
pressure, the piston would move rapidly ; but as the 
steam expanded after it had been cut off, and the pressure 
fell in consequence, the power would diminish, the piston 
would slow down and probably stop before the end of the 
stroke. The fly-wheel alters all this. It is a reservoir of 
energy. It takes up energy at the first part of the stroke, 
when the steam has a surplus of power, and gives it back 
later on when it has a deficiency. Theoretically it must 
vary in speed to be able to do this, but if it is heavy 
enough, as it always is in good engines, the variation is so 
slight as not to be noticeable. 

. ,The sj)eed is regulated by the usual centrifugal gover- 
nor, so familiar to ever5}r)ne. I spoke not long ago with 
a man who told me that the only part of a steam engine 
that he knew anything about was the governor. Such a 
prominent feature as it is always attracts attention. In 
this case, as is usual with high-class engines, when the 
engine tends to go too fast the governor does not throttle 
the steam pipe as it docs in small engines, but changes the 
moment of cut-off, so that the live steam is cut off from 
the cylinder at an earlier period of the stroke. That is 
because, as I pointed out in an earlier chapter, it is waste- 
ful to let steam pass through a restricted passage, for it 
loses some of its power in forcing it§ way through. There- 
fore the passage for the steam is kept fully open, so long 
as steam is passing, bat is entirely closed slightly earlier. 
Then it is also arranged that if the speed increases beyond 
a certain point it throws the valve gear (the apparatus, 
that is, w^hich works the valves) out of action altogether 
and so stops the engine. The idea of that is to provide 
against the bursting of the water main. Normally, per- 
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haps, the engine is forcing water along miles of pipe, and 
perhaps, too, to a considerable height (in this particular 
engine the height is over 200 feet), and, of course, the 



Fig. 56. The shaded parts of these drawings do not look like a flywheel, 
yet lh%t is what they arc in effect. 

A shows the position of the oscillating cylinders when the piston rod is moving 
to the ri.;ht and they are absorbing power. 

B shows them at the middle of the stroke when they are doing nothing. 

C shows them giving back the absorbed power and helping the piston 
rod along. 


engine is constructed to work at its normal speed under 
these conditions. If, however, as sometimes ^ppens, the 
main bursts, the engine has maybe to iorceJt^ water only 
a few feet, and then it would comm^ce to “race/' 
W 
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Under those conditions the governor, as I have just ex- 
plained, stops it altogether. 

There is another kind of large pumping engine which 
is of interest, since it contains an ingenious substitute for 
a fly-wheel. It is known as the Worthington pumping 
engine, after the famous American engineer of that name 
who invented it. It generally has three cylinders too, 
but they are placed tandem, that is, one behind another. 
There are no rotating parts, but the piston rod passes 
straight from the pistons to the pump. 

At the centre of the engine there is a pair of small oscil- 
lating cylinders connected to the piston rod (as shown in 
a kind of knuckle joint. They do not look much 
like a substitute for a fly-^wheel, yet that is what they are. 
These small cylinders are full of oil, and a pipe connects 
them to the water main. Consequently the pistons in 
them are always being pressed outwards with a force per 
square inch depending upon the pressure in the main. 
When the steam starts to push the piston along, the 
small cylinders are inclined towards it and so resist its 
movement. At that time, however, the full boiler pres- 
sure is at work, and so the steam, forcing the piston rod 
along, pushes inwards the pistons in the small cylinders. 
By the time the piston rod has made half the stroke the 
small cylinders are vertical, and so are neither helping 
nor resisting. A moment later, however, they begin to 
be inchned in the direction in which the steam piston is 
moving, so that they begin to* help it along. Just at the 
time, then, when the steam in the largS cylinders is ex- 
panding, and so losing power, the small cylinders come to 
its assistanc^nd help it to complete the stroke. It is 
just as if ther>^ were a strong spring inside the small 
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cylinders, which the steam compressed when it had power 
to spare, and which in turn helped the steam when it 
needed it later on. Thus they perform the same functions 
which the fly-wheel does in the ordinary rotative engine. 

And now just notice the cleverness of connecting the 
small cylinders to the water main. It is, of course, a very 
convenient way of giving it that elastic force which it 
needs in order to do its work, but it has another purpose. 
Suppose the main bursts. Instantly the pressure falls in 
the main, and in the small cylinders too. At the end of 
the very next stroke the piston rod lacks the assistance 
which ordinarily the small cylinders give it ; it is unable 
1o complete its stroke and so stops dead. As a 
who had had much to do with these engines remarked to 
me, if the main bursts the engine " stops and looks at 
you.’* 

In the above description I have purposely made one 
inadequate statement, for it simplified the description to 
do so, and I knew I could correct it afterwajds. The 
small cylinders are not connected to the main directly, 
but to a large iron vessel containing air which is itself 
connected to the main. The purpose of this air vessel is 
to act as a cushion. The water in the main is very heavy 
and very ** solid.” There is no ” give,” no elasticity in 
it, and so the strokes of the pump, slow though they be, 
are apt to impart jerks to the water. There is no ” springi- 
ness ” in the water itself to absorfi these jerks, and so the 
air vessel is provided. At every stroke some water is forced 
into the air vessel, compressing ’the air somewhat in order 
to find room for itself. Between the strokes th^ompressed 
air pushes this water out again, and so a^rfectly even, 
steady flow is ensured. The soft, givingMture of the air 
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makes up for the incompressibility of the water. It is 
the ** springiness of this air, too, which is communicated 
to the oil in the small cylinders, so that the effect of a 
spring contained in those cylinders, to which I referred 
just now, is really due to the air. 

Perhaps I may be permitted to mention here a simple 
contrivance which is used with the old “ Cornish engines 



Fig- 57- The ** gigintic trombone,” often seen at waterworks. 

to protect them against the effects of a burst main. I do so 
apologetically, for it is decidedly old, yet it is the subject 
of so many questions that I think 1 am justified in intro- 
ducing it. It is called a standpipe, and there is an ex- 
ample of it well knowrf to all the residents in South-West 
London just near Chelsea Bridge. It consists of a number 
of vertical pipes, a little^ higher than the highest point 
served by^ihe water main. The pump forces the water 
up one of th^e, and near the top it finds its way through 
a short conne^'ng pipe into the second one, which leads 
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it to the main. The engine, therefore, is engaged in pump- 
ing the water up to that point, and from there it flows by 
gravity to its destination. Should the main burst no 
harm will come to the engine, for it will still have to 
pump the water up as high as ever. The third pipe pro- 
vides against the stoppage of the main or the engine 
pumping the water faster than the main is taking it away» 
for it, too, is connected by a short pipe to pipe number 
one, but a little higher up, so that if the water does not 
flow awa}^ through the second pipe it rises higher and 
falls back again through number three. Thus the engine 
is always doing the same amo mt of work whatever hap- 
pens, and can neithci be pulled up with a jerk owing to 
the main being stopped or allowed to run away Through 
the main bursting. In the example which I have re- 
ferred to specifically the same engine serves two mains, 
so that in that instance there arc two number two 
pipes, but in the majority of cases there is only one. The 
whole apparatus very much resembles a gigantic trom- 
bone, and it is generally of such a great height that 
wherever there is one it is a very prominent object. 

To return to the subject of engines, another example 
is to be seen in the illustration given herewith. It is a 
fine example of the type of engine which drives the large 
cotton mills in Lancashire, but the inscription under the 
illustration is sufliciently full to render further description 
here needless. 

Another important class of steam engines is the high- 
speed, or quicl>revolution, engines, which are used for 
driving dynamos, often spoken of as electric-light engines. 
When electricity first came into use engi^^ of the type 
used for driving mills were adopted. T/icy worked at a 
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. slow speed, and to enable them to drive the fast-running 
dynamos they were connected by a belt, a large wheel on 
the engine working on to a small one on the dynamo. That 
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that smaller engines, of the vertical form and running at 
the same speed as the dynamos, would be an advantage 
They could then be put in a much smaller space and could 
be connected directly to the dynamos ; that is to say, 
the shaft of the engine and the shaft of the dynamo could 
be connected end to end. Thus both the objections men- 
tioned were overcome. 

And so the electric-light engines came into being. One 
of the first was- a remarkable engine, invented by Mr. 
P. W. Willans, still known by his name and still largely 
used. One* notable feature of this engine is that the slide- 
valves are inside the piston rod. I say valves because 
there are usually several cylinders one above another, 
with one piston wd common to them all. The hbllow rod 
has ports in it, and these are cowred and uncoveted ^ it 
passes up and down through the floors of Ihe cyliriaers. 
They are also covered and uncovered by the movement 
of the slide-valve inside, and these two togetl^^,c?^ flie 
steam to pass at the right moment from one cylinder to 
the next.* The valves are like a lot of small pistons fixed 
upon one rod, and they are worked by an eccentric placed 
upon the crank. The upper cylinder is always the high- 
pressure. Over the top of it there is a dome-shaped steam 
chest, into which the piston rod projects. At the right 
moment ports are uncovered and the steam finds its way 
into the hollow piston rod. It travels a little way down and 
then comes out again inside the cylinder and above the 
piston, so that it drives it downwhrds. On reaching the 
bottom of the stroke other ports in the rod are opened and 
the steam passes in and downr'to the under side of the 
piston, permitting it to rise just as the piston in the 
“Cornish'' engine can rise when the equilibrium valve 
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opens. Then at the next stroke the steam passes from under 
Ihe high-pressure piston into the low-pressure cylinder in 
just the same way that it had previously entered the high- 
pressure cylinder from the steam chest. It then passes 
to the under side of that piston, and if it be a triple ex- 
pansion engine thence to a third cylinder, or, if it be com- 
pound merely, to the condenser. The action of the steam 
is downwards only. This is, in fact, the engine which I 
referred to earlier as the only single-acting steam engine in 
extensive use now. 

The reason why it is single-acting is very interesting. 
Its high speed makes those parts which work in contact 
very liable to wear. For example, the bearings in which 
the crank shaft turns would be very liable to become 
slightly oval. Then, if the crank were alternately pushed 
and pulled by the action of the piston, as would be the 
case in a double-acting engine, the shaft would knock up 
and down, and, again particularly because of the high 
speed, that knocking would soon ruin the enginp. 

This CQuld obviously be kept right by continual adjust- 
ment, but that is a thing the need for which should be 
avoided in a good engine. Mr. Willans conceived the 
idea that if he made the engine single-acting so that the 
piston pushed only, and never pulled, he need not trouble 
about this, for the bearings might >vear down very con- 
siderably, and yet there would be no knocking, for the 
simple reason that the shaft would always be held firmly 
down in the lower half of the bearing. Indeed, he practi- 
cally did away with the upper half of the bearings alto- 
gether and let the shaft run in a semicircular groove. 
He enclose'd the lower part of the engine, too, in an oil- 
tight case, and filled the lower part of it with oil, so that 
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at every revolution the crank dips down into the oil and 
splashes it all over the w’orking parts. Thus he ensuret^ 
good lubrication. 

Another beautiful example of the high-speed engine is 
that known as the Beiliss engine, after the name of its 
makers. It is more normal in construction than the 
Willans, inasmuch as it is double-acting and it has a slide 
valve on the side of the cylinder. This valve is of the 
“ piston ” type, which has been mentioned earlier. In 
this case the “ knocking ” difficulty has been overcome 
in the opposite way. The designers of this engine have 
actually made the high speed, which is the cause of the 
trouble, furnish the cure as well. 

Oil, of course, has a certain amount of viscosity ; 
that is, it does not flow freely lik(^ water, but has proper- 
ties more like those we are in the habit of associating 
with treacle. If, therefore, a film of oil be placed between 
tw’o surfaces, it does not immediately run out, nor even 
does it permit itself to be easily squeezed out. It remains 
and holds *the two surfaces apart, preventing them from 
touching each other. Even if there be considerable 
pressure, tending to force the two surfaces together, it 
will take some time to squeeze the film of oil out and make 
them touch. 

In the Beilis engine advantage is taken of this fact. 
Oil is forced into the bearings by means of a pump, so that 
there is always ensured a film of oil between the parts, 
which would otherwise be in contact! As the piston comes 
down it tends to squeeze out the film of oil on the under 
side of the shaft, but before it has had time to do that, 
owing to the high speed, the piston has started oft the up 
stroke, the downward pressure is relieved, and the film 
207 



borne Modern bteam l£ngines 

of oil has time to reform before the piston comes down 
V again. . The same thing must needs happen during the 
hp strokes, in the upper side of the shaft ; and so the shaft 
and bearings do not, in fact, often actually come into 
contact, but there is always a film of oil between them. 
Engines of this kind have been known to run for years, 
making millions of revolutions, and then, when taken 
apart, there is no wear at all to be found in the bearings ; 
indeed, scarcely any evidence of their ever having touched 
each other. 

This simple but perfectly effective way of surmounting 
a very important difficulty is nothing but a stroke of 
genius. 

But I fear I have already said enough upon this great 
subject, the steam en^ne. There are other important 
inventions to which I must turn, so with this I must 
leave this fascinating subject. 
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CHAPTER XVII 

INVENTIONS IN THE COTTON MILL 

There are probably no inventions which have added so 
much to the happiness of mankind as those which are in 
daily use in modem cotton mills. In the old days it took 
one person to manage one spindle, but one man with one 
or two boys to help him c.in now look after looo spindles. 
Of course, the modem workman with his looo spindles 
needs the assistance of a steam engine, while the spinster 
of years ago did all the work herself ; but even allowing 
for everything, modem methods represent an enormous 
saving in labour, resulting in a great cheapening of an 
article which is of the greatest use. Indeed, were it not 
for the present methods of manufacture by machinery, it 
would be impossible to produce as much cotton as the 
world needs. 

Anyone taking a hasty view of the machinery in a 
cotton mill would probably be bewildered at the extreme 
complexity of it all. Almost wherever he goes he will 
see thousands of things all moving at once ; but as a 
matter of fact, many thousands of them are all doing the 
same thing, so that to understanil one is to understand 
all, and while the details of, them are not easy to grasp, 
the main principles which underlie them all can be ex- 
plained simply. 

The raw cotton enters the mill in bales, covered with 
rough sackcloth, and bound together b^ a number of 
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^on hoops. In appearance the cotton is like the familiar 
cotton-wool, or wadding, except that it has among it 
grains of sand, husks which have not been taken out (for, 
you must remember, cotton is obtained from a seed), and 
other foreign substances, and the task of the mill is to 
convert this into fine yam. Yam is not like sewing 
cotton, the form in which cotton is most familiar to us, 
since the latter is made of a number of strands of yam all 
twisted together, It is a common thing to see on a reel 
of cotton the words ” 6-cord sewing cotton,"' wjiich means 
that the cotton on the reel is made by twisting six strands 
of yam together ; and anyone who desires to see real 
cotton yam has only to unravel a small piece of sewing 
cotton and separate the six strands from one another. 

At first sight the tasll of converting the soft, fibrous 

cotton-wool into a strong, fine thread would seem to 
be an extremely difficult one ; in fact, if a piece of yam 
and a piece of raw cotton be put side by side it seems 
hardly credible that the one is made from the otjier. The 
work is done, however, entirely by machine, and the 
whole operation goes on with such remarkable smoothness 
and method as seems to make everything quite simple. 

The bales of raw cotton having been undone, the cotton 
is found to be tightly squeezed together, it having been 
compressed in order to minimize l^e space taken up on 
the ship which brought it here. 

The cotton in the b{^e, therefore, separates into lumps, 
and these lumps have to be, broken up and the fibres 
which form them shaken Apart so that tl\ey can be manipu- 
lated into yam. Yet on no account must the fibres be 
broken or the quality will be spoilt, so the operation must 
be as gentle as possible. 
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Imagine an endless band made up of laths, like 
Venetian blind, with a row of wires sticking upwards u|^n 
each lath. Imagine also the blind to be always going up, 
not vertically, but up a steep incline, and then you will 
have an idea of a machine which breaks up the lumps 
of compressed cotton. The lumps are thrown upon the 
laths and are carried upwards by them. Their own 
weight, however, makes them roll down again, and so 
they are kept in a state of continual motion, resulting in 
their being shaken up into small, soft pieces. These small 
pieces the wires upon the moving laths are able to hold 
and carry up to the top, where they are delivered to the 
next machine. 

This has for its purpose the removal of the dirt from 
the cotton. A number of arms projecting from a revolv- 
ing drum throw the cotton about, the particles of dirt, 
because of their greater w’eight, falling out, and dropping 
through a grating, while the lighter cotton is carried 
over. It passes out of this machine through rollers, 
which squeeze it into a fiat sheet, something like white 
felt. 

Here we encounter the first of the great principles 
which occur over and over again in a cotton mill. The 
great object, you must understand, in cotton manufacture 
is to produce a yam which shall be perfectly even and 
regular in size and quality. Not thick here and thin 
there, or strong here and weak there, but the same from 
end to end. Now, of course, there are liable to be varia- 
tions in the raw cotton, some •of which will be a little 
better than others ,* and in some cases different kinds of 
cotton are deliberately mixed, in order to produce a 
medium quality of yam. For instance, the cotton used 
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ijpmes from various parts of the world, such as the United 
Stkes, Egypt, and India, and these different countries 
produce different classes of cotton — the main difference 
between which lies in the length of the fibres. If you 
examine a piece of cotton-wool, you will find that it does 
not consist of long lengths, but of a great number of short 
fibres all matted together. The fibres which come from 
some parts are perhaps as short as three-quarters of an 
inch, while those which come from other parts may be 
over an inch long, and the longer they are the better yam 
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Fig. 59. Thu diagram illustrates the working of the wonderful Carding 
machine,” which puts all the millions of tiny fibres the same way. 

they make ; consequently the best yarn would be made 
from the longest fibre procurable, while the cheapest 
would be made from the shortest, and the intermediate 
qualities from other kinds of raw cotton, or from mix- 
tures. Consequently throughout the whole process there are 
continual mixings going on, so as to ensure that the mix- 
ture shall be very thorough, and the final result as nearly 
as possible absolutely unifomr. For this reason five of 
the flat felt-like sheets tvhich come from the cleaning 
machine are put together, one on top of the other, and 
rolled into one. Then the single thick sheet passes to the 
carding machine. 
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This machine performs what at first sight seems almost^ 
impossible. As I remarked just now, the fibres in a i^ece 
of cotton-wool are twisted together in apparently hope- 
less confusion, and it would seem to be quite idle to 
expect any machine to straighten them all out and lay 
them parallel with each other. Yet that is the work of 
the carding machine, a work, too, which it accomplishes 
with perfect success. 

The principle of this machine is shown in our diagram, 
Fig. 59. fit consists of two revolving drums, or cylinders, 
one considerably larger than the other. The upper one 
is covered with fine, short wires, like bristles. The lower 
and smaller drum is also covered with short wire bristles, 
only instead of standing stra^ht up like those on the 
larger one, they all lean slightly in the direction in 
which the drum turns. 

The sheets of clean cotton are fed on to this smaller 
drum, and the small bristles, because of their inclination, 
catch the material and carry it forward. Now as it thus 
passes over the smaller roller the bristles of the upper 
roller, which arc moving in the opposite direction, act 
like a vast number of tiny combs, and comb out the cotton 
in such a way that all the fibres arc separated and laid in 
the same direction, just as brushing one's hair lays all the 
hairs in the same direction. The transformation is most 
astonishing. At one side there passes in a rough, thick 
sheet of rather dirty-looking cotton ; from the other side 
there flows a beautiful fihn of soft, fleecy material. You 
might imagine it to be a fall of very soft snow, only it is 
flowing in a horizontal direction instead of a* downward 
one, and though the fibres are thus separated, so as to 
produce this filmy, transparent effect, they are near 
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enough together and have sufficient hold upon each other 
to^rmit the whole sheet, several feet wide, being drawn 
through a sort of metal funnel. This forms it into a very 
soft, tender rope, about as thick as a man's finger. 

This rope is so soft and frail that it needs the most 



Fig. 60. Here we see the beautiful little mechanism which draws the soft 
*'rope” of cotton from the Carding machine and coils it in the can as 
a sailor would coil a rope. 

The two rollers draw it in ; it passes through the slanting hole in the revoly* 
ing disc, and as the latter turns around upon a vertical axu, it coils it in 
the can beneath. , 

careful handling, and were it to get entangled there 
would be nothing for it but to send it through the carding 
machine again. Therefore, in order that it may be 
carried to the next machine, it needs Ho be carefully 
coiled up in a deep cylindrical tin can. This is done by a 
beautifully simple but effective little piece of mechanism, 
which is shown in our diagram. Fig. 60. 
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It consists of two small rollers turning in contact with # 
each other, while below them a steel disc revolves abiput 
a vertical axis. The softtrope of cotton is drawn in by 
the two rollers and passed down into a hole in the centre 
of the disc. That hole is the entrance to a little tunnel or 
passage, which passes through the thickness of the disc 
and has its other end not at the centre, but near the 
edge. As the machine works, the disc turns round and 
round, and the cotton, fed in by the rollers at the centre 
of the disc, emerges from it near the edge. The revolving 
motion thus causes it to be coiled round and round into 
the can which stands beneath. By this means quite a 
long length can be carried about in the can without fear 
of its getting entangled. 

The action of passing th»'oug1i the two rollers just men- 
tioned converts this rope, as I have called it, into something 
more resembling a tape, by which term we might describe 
it at this stage. Half a dozen caAs of this are then taken 
to another machine, in order that further mixing may 
take place, the tape from each of these cans being led 
simultaneously to another pair of rollers, and there 
squeezed into one tape. Then very often six of these 
tapes are passed through another similar machine and 
again consolidated into one. This, also, is for the pur- 
pose of more thoroughly mixing the cotton together. 

At this point w'e come to the second great principle 
which underlies the manufacture of cotton-yam. The 
first, you will remember, is the mixing at every possible 
opportunity o& different quantities of cotton, so as to 
produce a uniform quality. The second is |i continual 
stretching, first of this tape, as 1 have just called it, until 
it has become a fine thread, and then the thread into a 
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finer one still, until it is so fine in some cases that a self- 
reipecting spider might hardly be ashamed to own it. 

How this continual stretching is performed is shown in 
our next diagram, Fig. 6i. There you see four pairs of 
rollers, each pair running in contact with one another. 
As I have drawn the diagram, I am assuming that the 
cotton passes through from left to right, and in that case 
the pair on the extreme left will be moving fairly slowly, 
the next pair a little faster, the next pair a little faster 
still, and the fourth pair the fastest of all. The result is 



rig. 6l. This shows one of the main features of the machinery in a cotton 
mill. The cotton passes first through the pair of rollers A, thence 
between the pair B, and so on. Each successive pair turns faster than the 
preceding ones and so the cotton is gradually drawn out thinnei’. If the 
pair D tur^ six times as fast as A, then every yard of cotton which enters 
the series comes out as six yards. 

that, as it passes through these four pairs of rollers, the 
cotton goes through a gradual stretching process ; and if, 
as is generally the case, the fastest pair are moving six 
times’as fast as the first pair, the result will be that, for 
every yard which goes into the apparatus, 6 yards will 
come out, and, of courge, the 6 yards will be propor- 
tionately thinner than the i yard. Up to this point 
the fibres of cotton are allstraight. They were straight- 
ened out by the combing action of the carding machine, 
and nothing has been done to disturb them since. When 
they are like this they have a certain power of holding 
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on to each other, so that the tape we have Just been talk- 
ing about is able to hold itself together, but it can do littje 
more. In order to give it more strength it needs to be 
twisted, and that brings us to the third great idea in cotton- 
spinning. In fact, after the carding machine has been 
passed the whole work of the mill might be summed up as 
mixing ("doubling"), stretching, twisting. 

Now it is easy enough to twist a short length when you 
can get hold of both ends and stretch it out straight, but 
to take a long length of tape from a can, or of thread 
from a bobbin, and wind it on to another bobbin, twisting 
it as it passes from one to the other, is by no means easy. 
In fact, the little apparatus which docs it, which is called 
a " fly," constitutes a remarkably clever invention. 

Perhaps I ought to explain that the machines in which 
this is done are spoken of collectively as " fly frames." 
They are long, narrow machines, and stand parallel to one 
another, stretching right across th*e whole width of the 
mill. At the back are rows of cans, which contain the 
cotton as it came from the last machine, while lower 
down and in front are the " flies." The cotton passes 
from the cans above through a series of rollers like those 
described just now, which have the effect of stretching it, 
and thence to the flies, which twist it and wind it upon 
bobbins. The action oi this wonderful little contrivince 
is shown in our next diagram, Fig. 62. The bobbin is 
fixed on the top of a hollow, vertical spindle. Down the 
centre of them both there, is another spindle, and from 
the top of this, «n each side, there hangs down a little 
arm, forming, with the spindle, something like ,a capital 
letter " T." One of these little arms is solid, but the 
other is hollow, and the cotton enters the top, passes down 
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the hollow arm, and then, from the bottom of it, to the 
bobbin. Now it is easy to see that the revolving of the 
centre spindle, which with its two arms constitutes the 
fly, has the twofold effect of twisting the cotton and also 



Fig. 63. This shows another of the great fundamental ideu underlying the 
complicated machinery of a cotton mill. 

The bobbin is to the top of a hollow ^indle. Through the centre of both 
passes the solid spindle. At the top of this are the two arms, one of whi^ 
drooDS down on either side and which form the fly.” The cotton enters 
the fly at the top, passes down one arm, which is hollow, and thence goes 
tp the bobbin. As the fly turns rapidly round it simultaneously twists the 
cotton and winds it on the bobbin. As tijiis goes on the bobbin slowly 
moves up and down so that the cotton is wound on it with perfect 
regularity. 

winding it on the bobbin. If you find any difficulty in 
realizing this action, just think of it for a moment as if the 
end of the cotton were fixed to the fly,* just at the top of 
the spindle ; then it is easy to see how the twisting would 
take place, and the action is exactly the same when the 
thread of cotton is not fixed, but is passing through the 
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hollow arm to the bobbin. As this goes on, the machine 
automatically moves the bobbin up and down, so tha^ 
the cotton is wound upon it as regularly as upon the 
familiar reels from the draper's shop. Moreover, at the 
same time, the machine is rotating the bobbin round so 
that the cotton may wound on to it at exactly the 
right speed; and it automatically itgulates this speed 
according to the amount of cotton which is already on 
the bobbin ; for it is easy to see that one revolution of a 
bobbin nearly full will wind on considerably more cotton 
than a single revolution of one which is nearly empty. In 
this operation, also, the mixing process goes on, though 
henceforth it is called ** doubling,” for there are two 
cans at the back of the machine for each of the flies, and 
the two strands of cotton, one from each can, unite at 
the rollers and pass together to the flics, where they be- 
come twisted into one. The bobbins, when full, are taken 
to another fly frame, where the cofton is again doubled, 
twisted and wound on fresh bobbins. 

After the cotton has passed through a number of these 
machines it has, of course, been very much reduced in 
thickness, in spite of the fact that in each operation two 
threads are twisted into one. Moreover, the twisting 
which it undergoes keeps on adding strength to the 
strand. The final fini/hing of the yam, however, is done 
by another kind of machine, known by the name of a 
** mule.” The operation of this is really, in principle, very 
similar to that of the flic;?, but in detail it is a little 
different, and this difference makes it more suitable for 
the final operation. As before, there is a frame with long 
rows of bobbins upon it, and also more stretching rollers. 
Instead of the flies, however, there are a number of little 
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steel spindles, and these are not fixed on the machine like 
•the flies, but are placed on a separate travelling frame, 
which is able to move backwards and forwards some 5 
or 6 feet, upon rails. The whole machine is usually about 
100 feet long, and accommodates about 1000 spindles, and 
it is the number of these spindles which denotes the size 
and capacity of the mill. A good-sized mill in Lancashire 



Fig. 6^. This dis^ram shows the working of the “mule,” the machine 
which produces the finished yarn. It moves l>ackwards and forwards on 
rails. As it goes backwards the yarn is in the position AAA. It then 
slips off the end of (he spindle as the l.-itter rotates, and so is twisted. 
Then the mule returns forward, ami at that time a guide depresses the 
thread at C so that it takes the position B B H and is wound on the 
spindle. Thus as the mule retires it twists the cotton ; as it advances it 
winds up the length just twisted. 

will have 100,000 spindles, and the cost of the mill and 
all 'the details as to production akd so on are generally 
spoken of as so much per spindle. 

Now the action of this mule can be seen from diagram 
Fig. 63. On the left are shown the stretching rollers, 
which you must please assume are counted upon a 
frame with the bobbins to supply the material to them 
close by. We will imagine that at the moment the mule 
Is close up against the frame, and we will watch the 
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operation of one individual spindle. The latter, as you 
will see by the diagram, leans a little towards the rollers,^ 
and it rotates at a speed of about 10,000 revolutions per 
minute. Now the first operation is to give the final 
twist to the yam. The rollers commence to pay the yam 
out, and the spindle to which it is attached twists it 
round its upper end, It appears from this as if the only 
result would be to wind the cotton round the spindle, 
but owing to its slanting position the cotton slips off the 
end, and so.it becomes twisted instead. You can easily 
illustrate the action for yourself by winding a piece of 
narrow tape round one finger and then allowing the 
twists to slip off the end of your finger. You will then 
notice that the tape is twisted, and consequently the 
first action of the spindle is to tvfist the cotton ; and as 
the rollers pay it out the mule, carrying the spindle, of 
course, with it, retreats some 5 or 6 feet. Then, quite 
automatically, a change takes plac«. The rollers stop, 
the mule^ commences to approach the frame again, and 
as it does so a wire guide descends and depresses the 
cotton so that this time it really is wound round and 
round upon the spindle. So the operation goes on, the 
mule alternately receding from and then approaching 
the frame. Every time it recedes it twists, every time it 
approaches it winds \f> upon itself the length of yam 
which it has just twisted. The lower part of the spindle 
is covered by a tube of paper which is slipped on to it, 
and it is on to this tube that the cotton is wound. When 
a tube is filled itps slipped off the spindle and is taken 
away to the warehouse, the finished article, ready to be 
put on the market. 

The testing and weighing of the cotton after it is 
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finished is an interesting operation. The little paper 
^ubes with the cotton wound on them are, I might say, 
known by the curious name of ** cops," and from each 
batch of them samples are taken to ascertain that they 
are of the right strength and thickness. The standard 
length, as we shall see presently, is 840 yards, and a 
convenient fraction of that for testing purposes is 120. 
The man who does this work, therefore, has a little drum 
which he can revolve at a high speed by turning a handle. 
He fixes one end of a piece of yam to this drum, and then 
spins it round by means of the handle, until an indicator 
on the machine shows him that he has got 120 yards 
upon it. Then he stops and slips the cotton off the drum, 
endwise, so that he has it in the form of a skein, which 
he places over two hook's. The lower hook is drawn down 
by machinery, while the upper hook is attached to a 
spring balance. As the lower hook descends the skein 
becomes stretched between it and the upper one until it 
breaks, and the spring balance shows the force ip pounds 
which w^s required to break it. Thus is found the 
strength of the cotton. The skein is then weighed to 
see if the cotton is the right thickness. Thicknesses in 
yam are denoted by the term " counts " ; that means 
the number of times 840 yards will go into a pound. For 
instance, the particular size of j^m spoken of as 6o*s 
means that 60 times 840 yards will make a pound of 
cotton, and if you care to work this out, you will find 
that I lb. of such cotton will reach the length of close 
upon 30 miles. . t 

There are one or two little incidental inventions in 
connection with the cotton mill which are interesting in 
themselves. Perhaps the most interesting of all is the 
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method of covering the rollers. You will perceive from 
the earlier description that there must be an immense 
number of these, amounting to hundreds of thousands in 
a large mill. They consist of a steel roller with a layer 
of felt round it, and finally a tube of thin leather, slipped 
over the felt. You will easily see, too, that they need 
to be very uniform in size, for if there were any hollow 
places in them, however slight, they would allow the 
fine yam to slip, and, of course, no leather (being a 
natural product) is absolutely uniform in its thickness. 
It is usual, therefore, for one man to be employed con- 
tinually in recovering rollers. He makes the tubes of 
leather by turning a sheet of leather round a model roller 
and carefully glueing the edges together. Then this tube, 
when the glue has dried, is forced on to the roller, after 
which it has to be made quite true. For this purpose it 
is put into a little machine something like a lathe, in 
which it is turned round, while at the same time a little 
steel disc, which is covered with sandpaper, rotates at a 
high speed against it. This steel disc travels backwards 
and forwards from end to end, until it has rubbed down 
the leather to exactly the same thickness throughout and 
made the roller perfectly cylindrical. 

Finally the ends of the leather have to be trimmed off 
so as to remove all ryugh edges, and this is done in a 
manner which is highly original. The roller is put on to 
a machine which causes it to rotate at a very high speed 
indeed, and while it is turning a piece of wood is held 
against the edge pf the leather tube. This causes great 
friction between the leather and the wood and generates 
great heat, sufficient, in fact, to burn all the rough edges 
away and make the ends quite smooth. 
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The cotton mills have a method of driving their 
i^achinery almost peculiar to themselves. Near the 
centre of the mill, or sometimes at one end, there is a 
huge, narrow chamber, extending from side to side and 
from the ground to the roof, known as the rope race. 
The machines on each of the floors are driven by a steel 
shaft which runs from the rope race, through the wall, 
and then the whole length of the floor, and at the end of 
this shaft, in the rope race, is a large iron pulley with 
grooves cut into it. The engine room is an enlargement 
of the rope race on the ground floor, and the engine, 
which is often of great power, looo horse-power or more, 
has a large fly-wheel, in which there are also cut a number 
of grooves. From the fly-wheel of the engine to the 
pulleys on the ends of the shafts stretch powerful cotton 
ropes, and thus the power from the engine is communi- 
cated to the different floors. The power from the shafts 
to the machines fixed in the different rooms is conveyed 
by leather bands in the manner with which most people 
are familiar, but for what is called the ** main drive> 
that is to say, from the engine to the shafts, this is almost 
invariably done by means of ropes, and a truly impressive 
sight it is to see the large number of moving ropes passing 
up into the rope race to the various floors of a high 
building. \ 

Another feature of the cotton mills in Lancashire, or at 
any rate of the more modem ones, is a tower. The build- 
ings are generally five or six storeys, and the tower is 
considerably higher stilly Now this is ijot merely for the 
sake of ornament, as one might suppose ; it is built for 
the purpose of holding a large water tank to supply the 
sprinklers with which the mill is fitted. Pipes run from 
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this tank all over the building, having at intervals little • 
outlets, which are closed by some kind of plug held in J)y 
a rivet of lead, or some other material which easily melts. 
The reason for this is that there is necessarily a great deal 
of fine cotton dust about a cotton mill. It is continually 
being swept up, but still there is a great deal of it always 
about, and it is highly inflammable. Moreover, with such 
a vast quantity of high-speed machinery it is easy to get 
something heated up to such an extent that it is able to 
set fire to this cotton dust, and consequently cotton mills 
are very liable to damage by fire. Now the moment a 
fire occurs in a mill fitted with sprinklers these lead 
rivets melt away, the plugs fall out, and the water begins 
to spray upon the fire. This apparatus is so effective, 
that a mill so fitted can be insured against fire for a very 
much smaller premium than one without it. 

In some of the older mills, where they have no high 
tower upon which to fix a tank, the*same result is attained 
by having at a lower level a strong enclosed tank, 
something like a steam boiler. This is partly filed with 
water, and then compressed air is pumped into the other 
part. The compressed air has sufficient power to force 
the water out of the tank up to even the highest floor in 
the building, so that it sprays upon a fire just as it would 
do if it came from an ordinary tank placed on a high 
level. 
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CHAPTER XVIII 

THE INVENTION OF THE STEAM TURBINE 

As I have already remarked, the first steam motor was a 
turbine. Yet the steam turbine is the latest development 
of the steam engine. The reason for this apparent con- 
tradiction is, that the turbine of old lacked a certain 
essential feature, without which it was too inefficient to 
be of any use. 

To understand the working of a turbine we need to 
realize the difference between pressure and velocity. 
The reciprocating engine is driven by the pressure of the 
steam pushing against the piston. In the turbine the 
pressure is only employed to give velocity to the particles 
of steam, so as to cause them to strike forcibly against 
the moving parts of the machine. 

Most of us have played with an air gun. A part of such 
a weapon is an air pump, and in the act of loading it 
we cause this pump to compress air into a little chamber. 
There the air is imder pressure. The moment you pull 
the trigger it is liberated into the barrel, where it loses its 
pressure, but from which it rushed with great velocity. 
The pressure is changed into velocity in the barrel. 

If you put your hand under the mouth of the domestic 
water tap, so that no water can get out, and then open 
the tap, you will perceivethe water preying against your 
hand, and you will easily comprehend how it would push 
against a piston were there such a thing fitted in the bore 
of the tap. Afterwards, move your hand to a little distance, 
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but hold it so that the jet of water strikes it as it emerges 
from the tap. Then you will feel the same water, with the 
same force behind it, but acting in a different way. The 
first will be a case of water acting by pressure, while the 
other will show it acting by its velocity. 

The force with which the jet of water strikes against 
your hand is due to the combined force of all the tiny 
particles of which the water is formed, each doing its 
share and deriving its energy from its weight and the 
velocity wkh which it is shot out of the tap. 

Now the force with which any moving body strikes 
another is due to these two things : its weight and its 
speed. In the case which we are discussing we are 
concerned with the behaviour of particles of steam under 
various conditions, and since they all weigh the same, we 
can, for our present purpose, dismiss weight from our 
minds and think only of the question of velocity. In 
comparing the striking force of a cannon ball and a rifle 
bullet, for instance, we should need to consider both 
weight and speed, but if we are comparing a ifhmber of 
bullets of one particular size and weight, then velocity 
alone matters. 

Let us consider the case of one particular water particle 
from our tap. As soon as the tap is opened it is shot out 
because of the pressuile of water behind it. The speed 
will be great or small as the pressure is great or small, 
and so we see pressure and velocity tare related. As soon, 
however, as it gets clear o^ the tap, since its course is 
downwards, gravity pulls it and increases its velocity ; 
therefore, if you hold your hand a foot below the tap, it 
will be hit harder by the particle than if you hold it an 
inch below. Now please observe this : the initial velocity 



Invention of the Steam Turbine 

is due to the pressure, but the added velocity which is 
fell lower down is due to gravity, another force altogether. 
The same applies to all the particles which go to make up 
the jet, and so we may say that the force with which a 
jet of water strikes an object will be in proportion to (i) 
the velocity of the particles, and (2) the number of those 
particles which are there ; in other words, the quantity 
of water. 

The same applies if the water is in its vaporous form, 
which we call steam. The particles are just ^the same, 
only the heat has developed within them a mutual 
hatred, which causes them to keep a greater distance 
apart ; and, moreover, leads them, if they are free, to 
place the greatest possible distance between each other. 
A jet of steam is, up to a point, just the same as a jet of 
water. It consists of water particles, travelling with 
great velocity, and its hitting power depends upon the 
number of particles and their velocity, just as in the case 
of the water jet. 

Now it*is common experience that if a moving body 
strikes another body, either stationary or moving at a 
slower speed in the same direction, it will tend to impart 
movement to it ; or, if it be already moving, increased 
movement. This is why a windmill is turned by the wind. 
The moving particles of air strike lagainst its sails, and 
although the sails are infinitely heavy compared with the 
weight of a particle of air, there are so many of the latter 
that they are able to move it.^ 

If we substitute particles of water fdr particles of air. 
and direct them with great velocity against blades or 
vanes set upon a wheel, somewhat after the manner of 
an up-to-date windmill, the wheel will be driven round* 
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The first necessity, then, is to impart to the particles 
of water (or steam, we will say for simplicity, though it 
must be understood that a particle of steam and a particle 
of water are just the same) the utmost possible velocity. 
Then we shall be able to construct an efficient steam 
windmill,” or steam turbine. 

It is this development of the greatest possible velocity 
which baffled the old experimenters. They got the 



Fig. 64. If steam issue from a plain piece of pipe, the expansive force 
within it simply causes it to “ scatter ” as soon as it gels free. 



• 

Fig. 65. If a taper nozzle ht added to the pipe the expaniion^wiil take place 
in the nozzle, resulting in the particles of steam being shot out with 
greatly increased velocity, 

velocity due to the boiler pressure, but little more. We 
saw just now, in the case of the water jet, how the pressure 
of the water produced some velocity, which had afterwards 
added to it that caused by gravity. In the case of s{eam 
we also have an additional procurable velocity, over and 
above that due to the boiler pressure, namely that due 
to the internal elasticity of the steam itself, that expansive 
force which we use in the compound engine. 

If we let the steam issue from a simple nozzle with 
parallel sides, a plain piece of tube, in fact, we get the 
velocity of the boiler pressure and a little of the expansive 
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force too, but since the moment the steam gets free 
frbm the end of the nozzle it expands freely in all direc- 
tions, the expansive force is largely dissipated. If, 
however, we make the nozzle to taper outwards, the 
steam, as it reaches the mouth, expands, and the expan- 
sive force acting in the taper chamber causes all the par- 
ticles to be shot out at the end with enormously increased 
velocity. For example, with a pressure of 200 lbs. per 
square inch and a plain nozzle, the steam would issue at 
a speed of about 1800 feet per second, but with a well- 
designed nozzle, able to convert the maximum proportion 
of expansiveness into velocity, the speed would be over 
4000 feet per second, or about 45 miles per minute. 

And now we can turn to a concrete example. The first 
successful steam turbine was made by the Hon. C. A. 
Parsons, in the year 1886, but for purposes of explanation 
it is best to start with one of a little later date, and turn 

4 

to the Parsons turbine again later on. In the year 1889 
a Swedish engineer, named De Laval, who was interested 
mainly in^airy machinery, needing a very small, compact 
engine of high velocity, made experiments to see whether 
a wheel with teeth or blades fixed to it could not be blown 
round by a steam jet ; and he discovered that by shaping 
the nozzle from which the steam emerged in the way I 
ha>^e just described, he got a really efficient machine, 
which compares well with the efiiciency of reciprocating 
engines. • 

The wheel is of comparatively small diameter, being 
made as small as 4 inches, while 3 feet^ would be a large 
size. It is strongly built, and to its edge are attached 
a large number of little curved blades, radiating from the 
centre like spokes. This is enclosed in a case, through the 
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end of which several nozzles project. The illustration • 
Fig. 66 will explain this better than many words. The 
steam jets from these nozzles strike against the blades, 
which are so shaped that not a single particle can miss 
them, and so they absorb nearly the whole of the energy 
which the steam possesses. 

This transfer of energy from one body to another is a 



Fig. 66. This shows the simplest form of the impulse turbine. 

little puzzling at first, but it can be made clear by a 
homely illustration. Most people have at least watched 
a game of billiards,, even if they have not taken part in 
it. If a billiard ball be struck with the cue just in the 
centre, so that it is practically, free from ” spin," and 
directed accurately so that it hits another ball exactly 
in the centre, 6v " full,'' as the billiard player calls it, 
the first ball will, after the impact, stop dead, while the 
second, which was still, will move on with exactly the 
same energy which the first one had when it struck it. 
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In other words, the energy of the one will have been com- 
pletely transferred to the other. In the turbine the 
direction of the shooting particles of steam should be 
such, and the blades must be so formed, that the energy 
of the particles is almost entirely given up to the blades, 
just as the energy of the moving ball was given up to the 
stationary ball. 

In practice we cannot make the stream of particles 
to strike the blades full and square. It is physically 
impossible to construct such an arrangement. . The im- 
pact must take place, more or less, at an angle, and so the 
result is more like what happens when a billiard ball hits 



Fig. 67. The action of steam in a turbine illustrated by billiard balls. 
Arrow i shows direction of strikers ball, before the impact. 
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another not quite full,'' but about as indicated.in the 
diagram Fig. 67. Then the striker’s ball does not give up 
quite all its energy to the object ball, but has enough left 
in itself to roll a little way in a diagonal direction, as 
shown by the dotted line. The distance which the ball 
will travel in that direction will be a measure of the 
amqtmt of force left in it after the collision. 

In the same way, the energy with which the steam 
rebounds, as it were, a^fter striking the wheel will be a 
measure of the force which it has retained in itself after 
the encounter, and if that is shown to b^ small, it is evi- 
dent that a very large proportion has been transferred 
to the wheel. In the Laval turbine the*steam leaves the 
wheel with scarcely any perceptible force at all, and so 
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we can see that the particles of steam, each acting after 
the manjer of the billiard ball, have given up to the whe^ 
practic^y all Iheir energy. 

In order to do that, however, the blades must move 
at about half the speed of the particles, which, as we saw 
just now, may be as high as 4000 feet per second. In 
practice one-third is about the usual speed, but even then, 
in the small sizes particularly, the speed of rotation is 
enormous, varying from 10,000 to 30,000 per minute. 
This is rather inconvenient, since it necessitates the use 
of reduction gear, a small tooth wheel, that is, driving a 
larger one, and that means loss of power through friction. 
It also seemed likely at first to make the machine im- 
possible altogether ; for the most accurately made wheel 
is not absolutely perfect in bafance, and at that high 
speed the slightest inequality set up such severe vibrations 
that the machine would have lasted but a very short 
time. The inventor, however, gof>)ver his trouble in a 
way which leaves nothing to be desired. He put the wheel 
upon a shaft which was comparatively long aq|d thin, so 
that it could bend slightly. This enables the wheel to 
find its own true centre, about which it is in perfect 
balance, and having found that, it revolves as sweetly 
as can be wished. This idea was, I believe, quite original, 
and had never been ysed before in any machine of any 
kind ; and this fact, combined with its simplicity and fhe 
perfect manner in which it achieves its object, entitle its 
inventor to a very high place in the regard of those who 
can realize the wJrth of an invention. 

That, then, is the simplest of all the varieties of steam 
turbine. Just a yheel with blades on its edge, blown by 
jets of steam from expanding nozzles ; the whole being 
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enclosed in a case, from which the exhaust steam may be 
allowed to escape to the atmosphere or to a condenser, 
whichever may best suit the particular conditions. 

From the Laval it is natural to pass to the Rateau, for 
the latter is really not much more than a number of 
Laval turbines working together, the exhaust steam from 
one driving the next. The wheels are all fixed upon the 
same shaft, and each is enclosed in a separate chamber in 
one casing. The nozzles are formed in the partitions 
between the chambers. There are usually from twenty to 
thirty wheels. 

At first sight this seems but a needless complication of a 
simple machine, but it is not so ; for it overcomes that 
great objection to the Laval machine, its terrible speed. 

The speed of the steJm is roughly proportional to the 
pressure. At 200 lbs., as we have seen, it is 4000 feet 
per second. Now suppose we have a Laval machine, and 
supply it with steaifi at this pressure. If we provide a 
large opening for the exhaust steam, it will escape freely, 
and thera will be no pressure inside the case. The full 
200 lbs. will then be available to give velocity to the par- 
ticles, and the tendency of the hberated steam to expand 
in the nozzles will be free to exert itself fully. Thus we 
shall get the extreme possible velocity. Suppose, however, 
wt partially close the outlet for tl^e exhaust steam. We 
shall then get a pressure in the casing of the turbine, for 
although the steam w^l escape, it will not do so freely. By 
adjusting the outlet we could make this internal pressure, 
say, 150 lbs. Then the slieam will emerge from the nozzles, 
not into the free, open atmosphere, but into an atmosphere 
of steam at 150 lbs. pressure. For practical purposes, 
then, the steam will only be at 50 lbs. pressure and not 
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200 lbs., and its velocity will be reduced accordingly. 
The wheel can then be driven at a much slower speed with- 
out sacrificing efficiency ; but, of course, a machine so 
arranged would be capable of much less work than if it were 
arranged to take advantage of the full steam pressure. 

We can, however, overcome that disadvantage without 
much difficulty, for the exhaust provides us with a supply 
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Fig. 68. ElemenUiry impulse turbine of four stages. The, steam enters 
chamber i, passes thence through the noules N to chamber 2 striking the 
blades B on the first wheel as it enters. In like manner it passes in sue* 
cession through each of the other three stages. 

of steam at 150 lbs. pressure, which we can take to another 
turbine, where we can let it down in the same way to 
100 lbs., and from tl^t we can take it to another andJi^ 
it down further to 50 lbs., finally taking it thro^ a 
fourth, so as to use the last of the expansive forjp^^vmch it 
possesses. 

Thus, instead of letting the, steam expand to its full 
extent all at once, and making it do all its work straight 
away, we let it expand by four stages, doing work at each 
Stage. By that means we are able to make full use of the 
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velocity of th6 steam, without preaching th^t excessive 
^eed which is the drawback to the Laval machine. 

Instead of using four separate machines, we should 
make them all into one, on the lines indicated in the dia- 
gram Fig. 68. Each wheel with its nozzles is called a 
stage, from the fact that the steam is expanded “ in 
stages,*' instead of all at once. 

The Zoelly turbine is similar to the Rateau, but is 
different in some of its details, and usually has fewer stages. 

The Curtiss turbine, which probably shares with the 
Parsons the leading position in the turbine world, is a 
ittle more elaborate. 

In the Laval, the Rateau, and the Zoelly machines 
here is only one ring of blades set around the circum- 
ierence of the wheel, but in the Curtiss the wheel is 
)roader on the rim and there are generally two rings of 
blades. The particles of steam shoot out of the nozzles, 
;trike the first ring, and deliver up to them a part of their 
;nergy, but not all. They rebound off the blades in this 
[ing on to a second ring of blades fixed to the casing, 
3ut not attached to the wheel at all. These blades have 
10 other function than to guide the particles on to the 
iecond row of blades upon the wheel, and to these latter 
they give up the rest of their energy. At first sight this 
>acms wasteful, for surely the ste^m must give up some 
)^s energy to these fixed blades, which, since they are 
[ixed, db^t^ot add in aivy way to the power of the machine. 
This is a mistake, however, and the explanation is that 
i body struck by another does not absorb the energy of 
the striking object, unless it is moved by it. We used the 
iimile of two billiard balls to illustrate the transfer of 
energy from one moving object to another* but that would 
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not have applied if the struck ball had been fixed. When 
^aball, for example, strikes the cushion, which is immovj 
able, the cushibn absorbs nothing, and the ball simply 
rebounds with the same force that it had when it struck 
the cushion. One is apt to think that this is a property 
peculiar to the indiarubber of which the cushions are 
formed ; but that it is not so can be seen from the fact 
that a solid glass marble, if dropped upon a hard floor. 



Fig. ^9. HOW THE STEAM BEHAVES IN A^ CURTISS TURBINE. 

It enters the nozzle A, expands there and shoots, out in the diftction of the 
arrow, strikes the blades B, rebounds on to the stationary blades C and from 
them on to the blades D. Thence it goes through more nozzles to the next 
“stage." 

will rebound to almost the same height as that from which 
it was dropped. The particles of steam, therefore, lose 
little through having to be directed into their path by 
blades of the fixed rin|, and it is only to the moving rin^, 
those which are flyd upon the periphery of th^^^firfieel, 
that they give up feeir energy. T^e course ofuit steam 
particles through the nozzle, an^ then on to the succes- 
sive rows of blades, can be seen very clearly Fig. 69. 
Curtiss turbines are made with two, three, or four stages, 
the expansion, be it noted, taking place only in the nozzles. 
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CHAPTER XIX 

THE PARSONS TURBINE 

The Curtiss turbine is used by the United States Navy 
for the propulsion of large ships, and at least one large 
vessel of the British Navy has them. Some of the German 
naval vessels have the Zoelly, but for marine purposes the 
Parsons is by far the most largely used. 

This, the original of the modem steam turbines, is to a 
certain extent different in principle from the others ; and 
so, whereas they are cqUed impulse turbines, this is a 
reaction turbine. 

Before I attempt to explain the difference I must, 
however, remind my readers of the important point to be 
remembered in regard to the “ impulse turbines.’^ The 
steam, in passing from one stage to another, goes through 
nozzles, and it is so* arranged that it is in those nozzles 
alone that it can expand. It emerges from each nozzle 
into a chamber which is already full of steam at its own 
pressure, and so it cannot expand in the chamber where 
the wheel is. In our imaginary turbine, described in the 
tot chapter, for example, in passing from the 150 lbs. 
sta^ to the 100 lbs., it passes through nozzles so shaped 
that whSlis^t enters them at the higher pressure it emerges 
at the lower the lost pressure having bten converted into 
velocity. T, therefore enters the 100 lbs. chamber only 
when it is dV ioo lbs. itself, and so it cannot expand any 
more until it gets into the next set of nozzles. 

The expansion of the steam, then, takes place in the 
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nozzles leading to the chambers, but not in the chambers 
themselves. The particles of steam strike the blades by^ 
wrtue of the infpulse which the expansion in the nozzles 
fias given them. The steam does not (and this is the point) 
expand at all when in contact with the blades. 

In the Parsons there are no separate chambers. There 
is one large cylindrical casing, and inside it a large cylin- 
drical rotor or rotating part. Attached to the casing 
there are sixty or eighty circles of blades fixed. On the 
rotor there are a like number of blades too, so placed 
that when the rotor is in the case the two kinds of blades 
will occur alternately ; first a row of fixed blades, then a 
row of rotor blades, then another of fixed, and so on. 
The steam enters at one end, and is cut up by the first 
row of fixed blades into jets, whiebare by the same means 
directed on to the first row of rotor blades. Rebounding 
aff these, the second row of fixed blades redirects the 
steam on to the second row of rotftn blades, and so on. 
Thus, instead of expanding in certain definite and dis- 
tinct stages, the steam is expanding all the time. If the 
case were the same size all along, there would nolt be the 
accessary room for expansion, and the machine would, 
to a certain extent, become "choked'' with steam, 
rherefore the case is enlarged by several steps as it 
reaches the lower-pressure end, so that there shall be room 
for the steam to expand^ as it travels along. 

One row of fixed blades and one row of rotor blades form 
in this machine a stie, being, in fact, a complete turbine, 
::apable of working by itself, apart, from any of tjhe others, 
if need be. It is different from the stages of tbsimpulse 
machines, you will observe, in that it is not enclosed in 
\ separate case, aifd so the expansion of the steam is fwt 
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checked while it is in contact with the blades. Conse- 
quently the steam reacts upon the blades. In the impulse 
machine the steam strikes the blades wfth the velocity 
which it already possesses. In the reaction machines 
it strikes the blades in that way too, but it is at the same 
moment expanding also ; and it springs away from the 
blade which it has just struck, not only with the rebound 
due to the impact, but with a springy energy in addition, 
due to the expansion which took place while it was in 
contact with the blade. The billiard-ball an^ogy is not 
sufficient here. We need another, and the best that 
occurs to me is that of an athlete who jumps by means of 
a spring board. He takes a run and leaps into the air, 
dropping with his feet upon the spring board. The 
natural effect of this is ?to bend the board and so produce 
a rebotmd, and without any further exertion on his part, 
the spring of the board alone would suffice to throw him 
up in the air. He is tiot content with that, however, so 
he takes care to fall upon the board with his legs drawn 
up under him, so .that at the same moment, when the 
springiness of the board is throwing him upwards, he can 
suddenly straighten his legs out and so add to the height 
of the jump by a spring of his own. By so doing he bends 
the board more, for he presses down upon it with his feet 
with a force due to two things, first his dead weight 
falling from a height, and second, the energy of the spring. 
That second downward push upon^he board is the re- 
action of his action ih springing. 

A comij^on form of punishment in prisons used to be 
the treadmill. This appliance was a kind of turbine, 
worked by a stream of human particles. It consisted of 
a pair of wheels fixed upon the sam^ shaft, connected 
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together by rungs, like those of a ladder. In fact, it was 
an endless ladder, The prisoner stepped on one rung, and 
^allowed his weight to push it down a little way, whereupon 
he stepped on to the next one higher up. Thus he kept it 
going. If, now, a specially lively prisoner had insisted 
upon springing from one rung to the next, the reaction 
from his springs would have driven the wheel round 
with much increased force. That is what the steam does 
in the Parsons turbine. In addition to hitting the blades 
with the force of its velocity, it springs away from them 
again, and the reaction from that spring is added to the 
force of the “ hit.'* Hence this and similar machines 
are called reaction turbines, not because they act entirely 
by reaction, but because the use of the reaction is a feature 
which distinguishes them from Ae others. 

Some turbines, such as the Westinghouse and the 
Willans *Misc and drum," are a combination of the 
Curtiss and the Parsons. The steam first passes through 
a stage pf the Curtiss type, and then through many stages 
of the Parsons type. * ^ 

At first sight there is a resemblance between the 
several rings of blades in each stage of the Curtiss and the 
rings of blades in the Parsons, but they are really quite 
different in operation. The three rings in the Curtiss 
are enclosed in a chamber, so that the steam hits the three 
rings in succession, w^hout suffering any expansion while 
it is so doing. Th^fore there is no reaction in the Cur- 
tiss machine. / I 

There are several interesting 'features in tre Parsons 
turbine. In the first place, it will be apparenf to anyone 
that while passing along from one end to the other, the 
sU^m will not only drive the rotor round, but will push 
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against the enlarged parts of the rotor as if they were 
pjstons, towards the low-pressure end. At first, 
Mr. Parsons got over this by making twin turbines, as it 
were, both on the same shaft, the steam entering at the ^ 
middle, and flowing half to one end and half to the other, 
so that they balanced each other. That made the machine 
inconveniently long, however, so later he invented a 
system of balancing pistons. The diagram Fig. 70 



Fig. 7a SIMPLirilD^ SECTION OF A PARSONS TURBINE. 

The dotted lines indicate the rings of fixed blades, the black lines between 
them the moving blades. The steam is first admitted to the groove A. 

shows these and their purpose very clearly. The steam 
presses the first and smallest parts of the rotor to the right, 
so piston A is made of just such a size that the steam 
will push it with equal force to the left. That part, 
therefore, balances naturally. Then, in like manner, the 
piston B is of such a size that the steam, pressing 
against it towards the left, will bklance the force with 
which it will push the intermediate feart of the rotor to 
the right, and a pipe^ called the equiiibrium pipe is led 
from one ti the other, so that whatever variations may 
occur in the supply of steam, the same force will always 
be pushing piston B to the left and the intermediate 
part of the drum to the right, and so under all conditions 
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they will balance. Piston C, in the same way, balances 
the next lar^r part of the rotor, and so the powerful 
thrust, which would otherwise occur against the bearings, 
is obviated, and the friction which would result is avoided. 

The pistons do not, of course, go in and out like their 
namesakes in the steam engine. They simply rotate, and 
the friction which they would cause if they fitted closely, 
as the ordinary engine piston does, is removed by the 
use of labyrinth packing. A little space is left between 


Fif. 71. ThU ii an ingenious ** Labyrinth ** packing which practically 
prtvaitt the steam passing between the fixed part and the moving part, 
yet does not require that they should to»ch each other. 

the piston and the hole in which it works, and rings of 
steel of curious shape are fitted in this space, the rings 
being fixed alternately to the piston and to the casing. 
The form of this can best be seen from Fig. 71, and it will 
be observed that although there are^clear spaces through 
which the steam can pass, it has not got a straight course 
open to it, but must, if it gets through, be continually 
turning comers. The consequence is that at each turn 
it tends to form eddies among the rings. Put briefly, the 
passage among these rings gets choked up with steam, 
Which can only pass through with great difficulty, and so 
very little at all ^ses ; yet, since there is no actual 
contact between tte rings, there js scarcely any friction. 

In some of tie impulse turbines similar labyrinth 
packing is used at the places where the shaft passes 
through the partitions between the stages. • 

The question will naturally arise in the reader's mind 
as to what are the relative advantages of the different 
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types. And the question is a very difficult one to answer, 
since each has its devotees. Some of the chief points of 
comparison may, however, be referred to. The Parsons, 
for instance, is rather long, and so takes up a lot of room 
compared with the others. The Laval needs, under almost 
all conditions of working, a mechanism to reduce the speed. 

One very important difference between the impulse 
and reaction machines is a purely practical one, and is 
mentioned here mainly to illustrate the fact that in 
putting an idea into operation there are generally practical 
difficulties arise which are quite unsuspected by those not 
in the business. In the impulse turbines the steam shoots 
in a jet into a chamber full of steam at the same pressure 
as itself. The only force, then, which animates the steam 
is the momentum, and that acts in a straight line. Con- 
sequently a space may be left between the ends of the 
blades and the casing, and the steam will not have any 
tendency to pass through it without hitting the blades. 

In the reaction niachines, however, the pressure is 
continually falling, sefthat the steam is continually being 
sucked towards a region where the pressure is lower. This 
suction is, of course, in addition to the momentum of the 
steam jets as they leave the fixed blades, and it causes a 
tendency for the steam to seek the easiest path, avoiding 
the blades if it can. Therefore the rotor blades must 
nearly touch the casing, and the fixra blades have to be 
very close to the rotor,^ so that ther^hall be the least 
possible space for the steam to leak through. This space 
is so small that a slight variation due to a change in 
temperature, •or a slight bending of the rotor, will some- 
times cause the blades to come into actual contact with 
something, causing them to be ** stiii^d off and the 
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machine badly damaged. It has taken the greatest care 
and skill on the part of the designers to so form both rgtor 
and casing 'that the temperature variations and the 
springing of the rotor shall not cause this to happen. It 
has been done, however, and “ stripping ” does not now 
often occur, even though the blades are revolving within 
a very small fraction of an inch from each other. 

The speed at which even the slowest turbine works 
necessitates ample lubrication. Oil is generally forced 
through the bearings by a pump in such copious quanti- 
ties that it will not only lubricate in the ordinary sense, 
but cool the bearings. The same oil is pumped through 
over and over again, and at one point in its course it 
passes through a coil of pipe exposed to the atmosphere, 
or some similar contrivance, the purpose of which is 
to cool it and so ensure that the bearings shall always 
be supplied with cold oil. 

The Curtiss machines for drfving dynamos are often 
placed with the shaft vertical. The rotor thus spins 
round in the same position as a hoy’s top, ^and so the 
weight of the rotor, and also of the rotating part of the 
dynamo, is carried on the bottom end of the shaft, in what 
is called a “ footstep ” bearing. Thb bearing is lubricated 
with water. Water is pumped into the bearing under the 
end of the shaft at high pressure, thereby hfting it up 
slightly, so that itytums not upon solid metal, but on a 
film of water. J 

Turbines are governed by governors generally of the 
centrifugal type so familiar on steam engines. They are, 
however, usually more elaborate, since with such high 
speeds as are normal in even the slowest turbines any 
considerable increase would be a very serious matter. 
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When employed in driving dynamos turbines are often 
governed electrically as well. The force or voltage 
generated by a d3naamo depends upon its speed. If the 
turbine driving a dynamo were to exceed a proper speed 
the voltage of the current would go up, and that can be 
made to check the speed or even, if the increase be beyond 
a certain point, stop it altogether. 

These machines are, in fact, generally governed in two 
ways. One governing apparatus tends to keep the speed 
constant, while the other, the emergency ” .governor 
as it is called, normally remains idle. If, however, for 
any reason there should be a sudden increase in speed 
which the ordinary governor cannot cope with, then the 
emergency governor comes into operation and cuts off 
the steam entirely. ' 

In large machines the emergency governor operates 
through a “ relay.** That is, it controls a small current 
of steam in a small pipe, and that current in turn, working 
upon a piston in a cylinder, opens and closes the large 
valve which controls ihe entry of steam into the turbine. 

The ordinary governor is sometimes made to act in a 
curious way too. We are already familiar with the fact 
that if steam be throttled, that is to say, made to pass 
through a contracted orifice such as a partly closed valve, 
a waste of energy occurs. This is obviated in the case of 
reciprocating engines by varying tlA moment of ” cut- 
off,** as I have already explained. There is no cut-off, 
however, to vary in the turbine, so soinething analogous 
has to be introduced. There is a valve operated by the 
turbine itself* which lets the steam in in gusts, and the 
governor operates by varying the length of the gusts and 
the intervals between them. If the machine be going too 
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fast the intervals are increased and vice versa. Thus the 
steam always enters at its full pressure, and the loss of 
energy is avoided. In impulse machines the speed is often 
governed by partially or entirely closingsome of the nozzles. 

Finally, I should like to mention one or two points 
where the turbine in all its varieties scores over the re- 
ciprocating engine. First of all, the motion is always in 
the same direction. The parts of an ordinary engine 
which move to and fro need to be reversed at every stroke, 
and energy is consumed in doing this. Then there is less 
friction, for the only places in a turbine where two metal 
parts come into contact is in the bearing at each end of 
the shaft. On the other hand, there is friction of steam 
against metal as the steam rushes through the nozzles and 
among the blades, but the uie of superheated steam 
largely reduces that. Saturated steam, even if dry, when 
it enters the turbine, becomes wet as soon as it does work, 
for the heat used in doing the vork is taken from the 
steam, and it partially condenses. But for the latent heat 
it would condense entirely ; but eycn as it is a certain 
amount of water in its liquid state becomes fhixed with 
the steam as soon as it begins to work. If it be super- 
heated, however, the extra heat prevents this to some 
extent, and as dry steam causes much less friction against 
a solid object than wet steam, superheated steam is 
generally preferred ip turbines. 

Another thing is mat the steam always enters at one end 
and passes out at^the other. The fall in temperature which 
occurs when the steam is allowed to expand in an ordinary 
engine, and which causes condensation of ^le live steam 
entering for the next stroke, does not occur in the turbine. 

Finally, the expansion of the steam can be carried out 
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more completely. One of the difficulties, as I explained 
earlier, in making full use of the expansive force of the 
steam in a cylinder is that when expanded fully the steam 
would take up so much room that the low-pressure " 
cylinder would have to be enormous, and the valves would 
be so large that they could not be opened and closed 
quickly enough. In the turbine, however, the steam can 
be expanded without difficulty, until it has no more force 
left in it than has that which we see rising from the spout 
of a tea-kettle. No valves are needed, and the casing of 
the turbine can be easily enlarged at one end as it is in the 
Parsons, until it is big enough to hold the steam after it 
has undergone complete expansion. 

It must not be thought that there is any very striking 
difference in the amount of steam consumed for a given 
horse-power between a good reciprocating engine and a 
good turbine. The difference is only slight, but still its 
influence on the coal biK is sufficient to make the question 
of which shall be used a matter for careful consideration. 
Generally speaking, ^the Parsons seems to be the best 
turbine iff large sizes, and the impulse turbine in the 
small sizes. Up to about 500, or even 1000 horse-power, 
however, a good reciprocating engine can beat the best 
turbine, as far as economy is concerned. They run well, 
however, in double harness, for the reciprocating engine 
makes good use of the steam while aLthe higher pressures, 
while the turbine does best at the Iowct pressures. There- 
fore a reciprocating engine, taking the jteam direct from 
the boiler and passing its exhaust on to a turbine, makes 
a very good combination. 

In many works where there are large reciprocating engines 
it pays to instal turbines to work with their exhaust steam. 



CHAPTER XX 

MINOR HEAT INVENTIONS 

Besides the heat engines, there are a number of other 
interesting inventions which well deserve mention. I 
have called them minor,” but they are only so by 
comparison with the heat engines, which are of such 
paramount importance. They are, on the contrary, of 
considerable value in themselves. 

First, one may refer to the apparatus for the heating 
of large buildings, since that is a matter of personal in- 
terest to most of us. Moreover, if anyone should be dis- 
posed to criticize the inclusion of such a thing as a 
hot-water heating apparatus in this book of Mechanical 
Inventions, I would remind him that it is no less a piece 
of mechanism because the working p^irt consists of water, 
The heat in such an apparatus is conveyed nbt by any 
m3^terious ** scientific ” means, such as radiation, but by 
the actual mechanical movement of the water. There are 
several systems of heating by hot water, but they all 
depend upon the movement of the water, as I have just 
remarked. . 

There are three ways in which heat may be carried from 
one place to another. One is radiation by means of 
ethereal waves, the outstanding example of which is the 
passage of heat from the sun to the earth.. Another is 
called conduction, since the heat is conducUd by some 
medium^ such as ^ metals The handle of a metal teapot 
2 ^ 
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becomes very hot, because the heat is conducted from the 
hot tea to the handle by the metal, which is a good con- 
ductor. Moreover, if it be a metal handle it will part 
readily with its heat to the hand and so feel more hot than* 
it really is. On the other hand, an earthenware teapot 
will get much less hot in the handle, for earthenware is 
a bad conductor, Qenerally speaking, good conductors 
of electricity are good conductors of heat, and vice versa, 
an instance of the relation between electricity and heat. 

The third means is convection. The heat is then 
actually conveyed from one place to another in a hot sub- 
stance, The old warming pan with which our grand- 
mothers used to heat the beds on a cold night is an ex- 
ample of convection. The heat resided in certain hot 
coals, and these were carried bodily in the pan, heat and 
all. Deposited in the bed, they gave out their heat, and 
so the heat was conveyed from the fire to the bedroom. 

Water, as I have pointed out already, is a very bad 
conductor. Therefore a heating apparatus which works 
by hot water must use the convection method. 

The plan most usual nowadays is called the low-pres- 
sure system. At some point, generally in a cellar, there 
is a boiler. In large installations it may be a ** Lanca- 
shire or a ** Cornish boiler, but in moderate-sized ones 
it is generally of cast iron. These cast-iron boilers are 
made in sections, so that they can b^ bi^t up to any size, 
within reason, of course. There is a front section and a 
back section, and between them yoi^ can put as many 
intermediate sections as may be required, the whole being 
held together by long bolts passing from back to front. 
When put together these form really a double box. In the 
inner box is the fire, while between it and the outer one is 
a$o 



Minor Heat Inventions 

the water. Thus there is a large heating surface, and such 
boilers are quite economical. Then, from the top of th( 
boiler, there ri^ a pipe. This is carried to a distance 
!hrough or around the building to be heated, returning 
eventually to the bottom of the boiler. The heat causes 
the water to rise and flow up the pipe at the top, returning, 
after it has become chilled by its journey round the build- 
ing, to the bottom. There may, of course, be any number 
of these circuits, so long as the boiler is large enough to 
supply them with heated water. 

The heat escapes from the pipes into the building mainly 
by heating the air in contact with them. Air is, like water, 
a bad conductor; but that in contact with the pipe 
having been heated rises and gives place to other colder air, 
so that convection is set up and the heat is distributed by 
these gentle currents of slightly heated air. 

At intervals the well-known ** radiators are often 
placed. These are really only sets 6f pipes through which 
the water passes, and their purpose is to present to the air 
an additional amount of surface from which it can pick 
up the heat. They do not really *' radiate " heat to any 
great extent, but work mainly by heating the air by 
conduction and convection combined, just as the pipes do. 

The boHet and pipes are always full of water, being 
kept so by means of a pipe, called the expansion pipe, 
which runs up to q high point in the building well above 
the highest point in the hot pipes. When the water is 
heated it expands,^ and some of It is pushed, by the 
expansion, up this pipe. It terminates in a small tank— 
the expansion tank— fitted with a ball-tap svLch as we 
have in our houses, so that it and the whole system of 
pipiiig is always full. 

asi 
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It is impossible with a system such as this to raise the 
^water to a very intense heat. The pressure in the boiler 
is only that due to the height of the expansion tank, and 
supposing that to be, for example, 40 feet high, the pres- 
sure would be about 20 lbs. per square inch. If, then, the 
water were heated to over 259 degrees it would begin to 
generate steam, and this might blow the water up 
the expansion pipe, thereby throwing the whole 
thing out of order. Therefore 259 degrees is the maxi- 
mum under such conditions. In the high-pressure system 
this is overcome. There there is no boiler ; but the pipes, 
instead of being of cast iron and of 3 or 4 inches diameter, 
are only an inch diameter and of steel. They are fitted 
together, too, very carefully and strongly, so that they 
can resist great pressure. Instead of having a boiler the 
pipe itself is carried several times round a brick furnace. 
The whole s)^tem of piping is filled with water and then 
hermetically sealed. It needs no attention ; the fire has 
simply to be lit and the water will circulate. Moreover, 
since the pressure may be very high without bursting the 
pipes, they can be made exceedingly hot. There is no 
safety valve or other device to relieve the pressure should 
it become too great, but instead the whole piping is tested 
by hydraulic pressure to 2000 lbs. per square inch, a pres- 
sure which is not likely to be reached in working. 

To provide against the possibility of an explosion in 
this system, another one was invented called the medium- 
pressure system. It h just the same^as the other, but it 
has a safety valve. This*valve is fixed in a small expansion 
tank, and is loaded to a certain pressure per square inch, 
say 500 lbs. The expansion of the water thus finds an 
outlet, and when the fire is |^t out dnd the apparatus 
0}i 
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cools, it can suck back, through a small non-return valve, 
a quantity of water, to make good that which in its ho^ 
state it forced out through the safety valve. 

* In the low-pressure system it is sometimes difficult to 
keep the temperature in the boiler at a constant level. 
Several ways have, therefore, been invented of making 
the boiler regulate itself automatically, and one of these 
may be of interest. In this there is a little metal chamber, 
formed of very thin material and corrugated all round so 
that it can he elongated or shortened like a concertina. 
This is filled with some fluid, which expands and contracts 
readily with changes of temperature, and it is in contact 
with the hottest part of the boiler. When the heat rises, 
therefore, the metal ** concertina increases in length, 
and moves a lever connected to the damper which regu- 
lates the admission of air to the furnace and closes it, 
thereby damping down the fire and reducing the tem- 
perature. On the other hand, whed the heat in the boiler 
falls, the^** concertina contracts and opens the damper so 
that the fire gets more air, bums more energetically, and 
raises the temperature. Thus the heat of the fire is so 
controlled that the heat in the water is fairly constant. 

In some places steam is used for heating. The boiler is 
then only partly filled and the pipes, of course, contain 
no water at all. When the water is heated steam is 
generated and pass^ through the pipes, being condensed 
by losing its heat to the surrounding air. And here the 
latent heat, which is such a soured of loss in the steam 
engine, is of great value, for because of it a little steam 
carries much heat. I explained in an earlier chapter 
how heat disappears when wat^ is turned into steam* 
[n fact, the amount of hdht which thus becomes latent 
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is enough to make the water red-hoU It does not make it 
red-hot; indeed, it does not increase its temperature 
at all ; to all appearances it disappears, but it comes 
back again as soon as the steam condenses. Thus steam 
at a very low pressure, very little above 212 degrees, is 
able to maintain quite a long length of piping at practically 
the same temperature as itself, for as it is cooled it con- 
denses and the latent heat within it becomes liberated. 

This steam-heating is often used in connection with a 
forced system of ventilation. Years ago people used to 



Fig. 7a. Side view of the fan, with one side removed lo u to show 
thS internal divisions. 

think that the heating and ventilation of factories was 
not a matter of much importance. In England, at any 
rate, there was a sort of Spartan idea that when a man was 
at work, he ought to be superior to any such trivial 
considerations as personal comfort. The fact has now 
becmne recognized, however, that good ventilation and 
comfortable heating are of actual money value, for people 
can do better work and more of it when they are in* 
vigorated with plenty of pure air and made comfortable 
with the right amouilt of heat, than* they can do under 
imperfect conditions. 'Therefore factory heating has 
become quite an important branch of engineering, and the 
means generally adopted is this steam-heating in con- 
junction with forced ventilatidD. 

tS4 
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At some suitable spot there is installed a large fan. 
This may be of the propeUer variety ; that is to say, 
formed of a nhmber of blades placed round a hub like 
Ihe spokes round the hub of a wheel, with their surfaces 
slanting, so that when the whole thing is revolved they 
thrust the air forward by a ** screw-action,’* like that of 
a steamship propeller. More often, however, they are 
of a type based upon centrifugal force. There are number- 
less varieties of these, but one will suffice for illustration. 



Suppose two sheet-iron discs, fixed upon a sha/t so that 
when the shaft rotates they are carried round with it. 
Then, between them, there are sheet-iron partitions, 
placed so that they connect them together, all radiating 
from the shaft towards the circumference. The discs 
and the partitions,,therefore, form a number of chambers, 
small near the shaft but tapering outwards as they ap- 
proach the edge. II such a structufe be spun round upon 
the shaft, the air in each chamber will be thrown out- 
wards by the centrifugal -force, and more •air will be 
drawn in at the centre to take its place. 

Sometimes fans' of thUWiuad are placed in a caiiiig 
?JS 
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with an opening at the centre for the air to enter, and one 
the edge for it to pass out. Sometimes, however, 
they are fixed upon the end of a shaft with the bearings 
on one side only, so that the fan itself overhangs and there' 
is one side quite free from any mechanism at all. Then 
a pipe can be placed with its mouth close to, but not quite 
touching, the centre of the fan, and the fan will be able to 
draw air through this pipe. This latter arrangement is 
only useful for sucking air, however; it cannot force 
it, for it merely throws it out from itself intp the open 
air. Many colliery fans are constructed in this manner. 



The efficiency of €uch fans can be much increased by 
making tke partitions curved, instead of simply radiating 
straight from the centre. Then, as anyone can see from 
an inspection of Fig. 74, there is a tendency to throw 
the air outwards, due to the shape of the partitions, as 
well as that due to the centrifugal force. 

In applying these fans to ventilating and heating a 
building, they are made to force air into a chamber where 
there is a coil of pipes lieated by steam, often the exhaust 
steam from the engine which drives the factory. Or else 
they are placed the other side<of the coil, and are made to 
draw air through the chamber in which the coils are. In 
either case the heated air is fhmpelled to pass through 
* 1 ^ 
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ducts, which lead it to the different parts of the building. 
In some cases these are formed in the brickwork of the 
walls, just as the chimneys of houses are. In others 
they are large galvanized iron pipes, which arc carried 
from floor to floor and from room to room, with suitable 
branches and outlets so proportioned that an approxi- 
mately correct amount of pure, warm air is projected into 
each room. 

I have seen in some Lancashire cotton mills a most 
ingenious method of conveying the air to the rooms. Like 
many large and heavy buildings, the floors are supported 
upon cast-iron- columns, which are placed in rows down 
the building and which pass from floor to floor, one 
length upon another, from the ground to the roof. Now 
these columns are always hollo^, for the simple reason 
that a hollow column can be made lighter and cheaper than 
a solid one of equal strength, and advantage has been 
taken of this. Each tier of columns is made to form a duct 
for the hot air. Openings are formed in them for the air 
to come out, and from a fan-room hi the basement the 
warm air is driven up them into all parts of the mill. 

This matter of heating and ventilation is of special 
importance in the cotton trade. The reason why the mills 
axe 80 thickly clustered in Lancashire is because of the 
mild damp climate which prevails there. But for this 
dampness the threads break in the spinning. Now it is 
easy to see that the system of heating by driving air into 
the building, enables any* desired' amount of moisture 
to be introduced artificially intb the atmosphere of the 
mills. The monopoly of Lancashire is tha:efore gone, 
so far as this is concerned ; for the desired conefitions can 
be produced anywhere, an^the reason why the trade per* 
e «7 
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sists in its old haunts and does not spread to the other 
parts of the country is based upon other considerations 
than that which led to its being established there 
originally. 

This artificial humidity is produced by blowing a jet of 
steam into the air before it is driven into the mill. The 
proportion between the volume of this jet and the volume 
of air passing into the mill will clearly regulate the 
amount of moisture introduced, so that by adjusting 
the steam jet any desired amount can be had/ 

In the cotton-weaving sheds the air is blown in by a fan, 
but the moisture is introduced by having a network of 
steam pipes all over the roof. At frequent intervals there 
are small jets of steam thus blowing into the atmosphere 
of the shed. ' 

Of course, when any system of steam-heating is em- 
ployed, care has to be taken to keep the pipes free from 
accumulations of water. The pipes and coils are therefore 
arranged so that the condensed steam will naturally run 
back into the boiler, or else steam traps are provided, 
similar to those described for use in the piping of a steam 
engine, to let the water out automatically at any points 
where it might collect. 

Another form of heating altogether is found in con- 
nection with certain trades where large volumes of liquid 
in vats or tanks need to be kept at a. constant heat. A 
very convenient way to do this is to have coils of piping 
immersed in the liquid, and to*keep these coils filled with 
steam. In some cases, even, the steam is allowed to escape 
directly intcf the water to be heated, where, of course, it 
condenses and gives out its latent heat. It is therefore 
a simple matter to heat liqW(^ like this, particulariy 

2C8 



Minor Heat Inventions 

water, but it is not so simple to control the temperature 
to that which is required, and if some automatic instfu- 
ment be not employed it frequently happens that damage 
will be done, or the workpeople engaged in the trades 
concerned will be scalded by putting their hands into 
liquid which has been allowed accidentally to get too hot. 
I do not think, then, that I could do better than conclude 
this chapter with a description of a very interesting 
example of an automatic temperature regulator. 



75* ThU dingtaro shows how a thermostat can be made to contfol 
temperature of water in a steam>heatcd tank. 

f The rectangle in Fig. 75 represents the outline of a tank, 
the water in which has to be kept at a constant tempera- 
ture. It is heated by a coil of pipe inside it (not shown in 
the diagram), fed with steam by the pipe marked " steam 
pipe.” The water for filling the tank is introduced by the 
water pipe, and yod will notice that from this pipe a small 
tube is led, passing through an* appliance called a ther- 
mostat, the function of drhich will be ex))lained in a 
moment, and thence to ajralve on the steam i»pe. Then, 
andj>Iease notice* this carefnlty, for it b more important 
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than it looks, just before the tube enters the steam valve 
thfcre is a short branch, called the " drip pipe,*’ with a 
small tap at the end of it. 

So much for the apparatus. Now for the method of ’ 
working. The steam valve is of the kind which is opened 
by pulling up a spindle and closed by pushing it in. In 
other words, it works like the ordinary domestic bath- 
tap, but with a direct push and pull, instead of through a 
screw. Normally it is open, but a pressure of water 
communicated through the tube is able, by pressing 
upon a flexible diaphragm, enclosed in the dome-shaped 
object just to the right of it, to close it. 

Thus the passage of steam to the heating coils can be 
varied by varying the pressure of water in the tube. As 
the pressure increases tlie passage of steam is checked. 
Therefore, as the pressure increases the temperature of 
the water will be reduced. That is the first step, for if 
we can so contrive that the temperature of the water 
in the tank will regulate the pressure of water in tl^e tube, 
the apparatus will bh automatic. 

That is the function of the thermostat. It is briefly a 
valve which opens when the temperature of the water 
in the tank increases and closes when it decreases. Now 
observe that the water enters the tube from the supply 
pipe at a point above the tap which regulates the supply 
to the tank, so that the first part of the tube always con- 
tains water under pressure. If it were not for the " drip,” 
this pressure would be the same all along this tube, for 
the whole of it would become filled and the opening and 
closing of thfe thermostat wofild have no effect. Since, 
however, a little water can leak out through the drip, 
the pressure in the tube whererft entersr the steam valve 
960 
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is always a little less than where it emerges from the water 
pipe ; for the leak slightly relieves the pressure at tlj^t 
point, and thi amount of that relief depends upon the 
' relation between the opening for the water in the drip 
pipe and that in the thermostat. If the latter be much in 
excess of the former there will be little effect produced 
by the leak, and the pressure upon the diaphragm will be 
practically the same as that in the water-supply pipe* 
If, however, the passage in the thermostat be about equal 



teropeiftturc of A. • 

to that in the drip, then there will be little or no pressure 
upon the diaphragm, for the quantity of water which is 
able to force its way past the thermostat will find little 
difficulty in passing through the drip, without having to 
exert much pressure upon the diaphragm. Therefore 
the leakage at the drip having been once adjusted, the 
pressure upon the diaphragm will i*ary in accordance with 
the opening and closing of the water passage through the 
thermostat. • • 

Fig. 76 shows us the construction of the thermostat 
The water enters* througfi ^re pipe D and passes upwards. 
* ia6i 
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Its course can be easily traced by an inspection of the 
di;^wing. It firsts takes a sharp turn to the right, and en- 
ters the end of the tube F, through which it passes back 
towards the left. It escapes through holes in the left- ' 
hand end of this tube, passes upwards, then, through a 
little port, to the right upwards again, and out through the 
pipe H. Briefly, then, the course of the water is from 
D to H, by way of the tube F. Now opposite the end of 
F there is a rod, E, so placed that by a very little move- 
ment of E the end of F will be entirely closed. , 

The rod E is made of nickel steel, which does not ex- 
pand and contract much under the influence of variations 
in heat ; and it is held in a tube, A, of brass, a metal 
which varies a great deal with variations in temperature. 

The brass tube A, with the nickel-steel rod inside it, 
projects through the side of the tank into the heated 
liquid itself, and naturally the length of the tube varies 
in accordance with the* temperature of the liquid in the 
tank. The brass tube being held firmly at its left-hand 
end but free' at the other, this variation causes the right- 
hand end*to move to and fro, and since the nickel-steel 
rod inside is fixed to the brass tube at its right-hand end, 
it follows that the rod is pushed to and fro also, so that 
it more or less opens and closes the end of the tube F, and 
80 regulates the passage of water through the apparatus. 

And now we are in a position to follow the operatioii 
of this interesting invention right through. The water in 
the tank is getting too*hot. The increase in temperature 
expands the brass tube A, and so draws the steel rod £ 
to the right. • That action gives the water a freer passage 
through the tube F. We will suppose that up to this 
moment the water passing ^ through « the thermostat 
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found a very easy escape through the drip : there would 
then be no pressure upon the diaphragm, and the full 
quantity of steam would be passing to the heating c(^ls 
► in the tank. As soon as the flow of water through the 
thermostat is increased, however, the balance is upset, 
and more water flows than the drip is able easily to take 
away. The pressure in the tube must then rise. The 
whole of the water passing gets out, it is true, through the 
drip, but not until it is forced out by pressure behind it, 
and that pressure is communicated also to the diaphragm, 
whereby the steam valve is closed somewhat, the supply 
of steam to the coils is checked, and the temperature of the 
water in the tank lowered. Then the brass tube contracts 
once more, slightly closing the water passage in the ther- 
mostat, relieving the pressure qp the diaphragm, and so 
letting more steam pass, until a state of equilibrium is 
reached and the temperature remains steady. 

It will be observed that thft essential part of this 
apparatus is very old. It is simply the different rates of 
expan&ion in two metals, an idea which was used many 
years ago by Harrison in the first chronomctei^ so that it 
is at least a hundred years old, and it may be older still. 
Yet the apparatus just described is very up-to-date, and 
so we see here another illustration of the fact, which I have 
already remarked upon, that the inventor of to-day is 
largely employed in adapting to modem purposes older 
inventions, some* of which I have already described as 
fundamental inventions.. One is tempted to quote a 
well-worn phrase from the Book of Ecclesiastes, but, as it 
has probably sprung already into the minds of my readers, 
I will leave it at that* 
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CHAPTER XXI 

MEASURING THE POWER OF AN ENGINE 

It is evidently an important thing to be able to measure 
the power of an engine. If I have a factory, for example, 
and buy a steam engine to drive it, I need some means by 
which that engine can be tested and its strength tried, 
so that I may be quite sure that it is up to its work. 

There are two ways of doing this. One is by means of 
an " indicator,” which tells us the indicated horse-power, 
while the other, which ^ performed with an appliance 
called a ” dynamometer,” tells us the brake horse-power. 

The indicator is another product of the fertile brain of 
James Watt, and consists of a little cylinder with a piston 
in it, the piston being pressed down by a spring. It is 
connected by a tube^to one end of the engine cylinder, 
so that whatever pressure of steam there may be in the 
engine cylinder, there is the same in the cylinder of the 
indicator. Of course, at the beginning of the stroke, 
when the valve is fully open, there is almost the same pres- 
sure of steam in the engine cylinder and in the indicator 
cylinder that there is in the boiler. As soon as the valve 
closes, however, and the steam begins' to work expan- 
sively, then the pressure in the .engine cylinder falls, and 
the chief function of the indicator is to tell what happens 
in the engine cylinder during that part of the stroke. This 
it is able to do because its piston is pushed upwards by 
the steam, against the force of ‘the spring, a distance 
264 
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which is proportional to the pressure of the steam. Just 
as the spring in a spring balance is pulled out more or 
less according* to the weight which is hung upon it, so 
» the piston of the steam-engine indicator is forced upwards 
more or less accoKiing to the pressure of steam. And the 
movement of this piston operates a system of levers 
actuating a pencil, which presses against a moving strip of 
paper. In this way the indicator draws a diagram, known 



as an indicator diagram,” from which it is possible to find 
out the average or mean pressure exerted by the piston 
throughout the stroke. When the steam comes in first 
it quickly pushes up the piston, thereby drawing an almost 
vertical line in th*e indicator diagram. Then, so long as 
the pressure remaips the same the* pencil does not move, 
and the motion of the paper upder it draws a horizontal 
line. As soon as the pressure begins to fpll the pencil 
falls too, and so there is drawn a sloping line until the end 
of the stroke is reached, and the pressure falls to its lowest 
^26} 
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point, which is duly recorded on the diagram. By 
measuring the height of the diagram at a number of 
points its average height can be found, andf from that the 
average pressure. Then it is calculated that the steam • 
pushed the piston the whole length of the stroke with that 
average pressure. Suppose, for example, the mean 
pressure was 50 lbs. per square inch and the area of the 
piston was 100 square inches, then the total pressure 
exerted on the piston throughout the stroke would be 
reckoned as 5000 lbs. Multiplying the length of the 
stroke by the number of strokes per minute gives us the 
distance which the steam pushes the piston in a minute, 
and from that we can get the horse-power, for the total 
pressure in pounds, multiplied by the number of feet 
through which the piston moves in a minute, evidently 
gives the number of foot-pounds per minute, and that 
divided by 33,000 is the horse-power. • 

Thus, we may say, the indicated horse-power is the 
amount of work which the steam does against the piston. 
It is not the actual work done by the engine, for fhere is 
the frictidh of the engine itself to take into account. We 
might call the indicated the gross " horse-power and the 
brake the nett,” for the latter means of determining 
it gives us the actual work done by the engine. 

Every engine is designed to work best at a particular 
speed. There are certain details the size of which is 
determined by the speed. The steam ports, for example, 
must be able to fill the cylinder with^^team quickly and 
easily, in the time which is allowed for one stroke, and to 
get rid of thejexhaust steam in .the same time. Therefore, 
the faster the speed the larger must the ports be. And 
that is only one of the points which, in designing a good 
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Mi g iii* , have to be ftken iato coneideiatton in the light 
o{ the speed at vdiich the engine is to work. ' , 
It will, of dburse, attain this speed with little steam 
' when it is doinrao work or little work. It has then to be 
restrained^y clMbig the throttle valve, or in some way 
depriving it of its full amount of steam. An increase of 
the load, however, will slow down the engine, unless more 
steam be given to it, so that to find out the maximum 
amount of work which an engine is capable of doing in a 
minute, w^ need to give it so much work to do, that with 
all the steam which it can take it just maintains the cor- 
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rect speed. Then wc need to Ife able to .pleasure the 
amotmt of work which we put upon it. 

In many cases an engine does its work by pulling a 
leather belt. The diagram Fig. 78 will shefiv what 1 
mean. The belt is put round two wheeb, one of which 
(that attached to the engine) is the driving pulley» wfaik 
the other (which is on the machine) is the driven puSey. 
The beh, by its nature, clings to the edges of the wheebp 
a^ so, when the driving wheel is turned, it fmlls at tm 
h^ of the belt, and that, in turn, pulb npoii the edge 
of the driven wheel and so rotatesnt. One half of the 
is always taut, then, and the other slack. la other 
words, only one half of the belt is in action at a tifliei 
and the other half is idle. Therefore, if we could measMi 
the pull in* Dounds. whkh^ engiiie is giidng to (that hall 



Measuring the Power of an Engine 

of the belt, and multiply that by the rate at which the 
belt is being pulled in feet per minute, we should know 
the number of foot-pounds of work which 'ihe engine was 
doing in a minute. We can do that a^.proximately by 
observing the “ sag " in the middle of (he belt^ This sag 
is due to the weight of the belt itself, and knowing how 
much the sag is, the weight of the belt, and the distance 
apart of the pulleys, it is possible to calculate how tightly 
the belt is being pulled. The tighter it is, of course, the 
less will the sag be. 

That is only rough, however, and in these days of refine- 
ment not good enough. Therefore we need some kind of 
apparatus specially designed for the purpose. One of 
the most up-to-date of these is known as Froude's dynamo- 
meter. 

This is a kind of paddle-wheel, inside a case filled with 
water, which the engine is made to drive. By variations 
in the interior of the 'apparatus the power needed to 
drive it up to any given speed can be adjusted, and the 
actual power which the engine c.xpcnds upon it can also 
be measured. 

We have all of us seen a picturesque old water-wheel, 
and we know how the falling water there turns a wheel 
round. In this apparatus the operation is reversed. 
Here we have a very scientifically designed little water- 
wheel. The engine tunis the wheel, and the water with 
which the case is filled resists its movement. In the one 
instance, you observe, "the water tumi the wheel, in the 
other the wheel turns the water. Were the case quite 
smooth on thn inside it would do this quite easily, and the 
wheel and the water aroimd it would soon be rotating 
as if th^y were one. There however, certain ribs 
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and cavities in the case, which correspond with similar 
ones in the wheel itself, and the action of the two results 
in the water bting thrown from one to the other and back 
’ again, in such i^'ay that the water clogs the movement 
of the wheel, and makes it hard to turn round. 


We can see from this, that it is the case really, 
and not the water, which resists the movement of the 
wheel. The water is simply an intermediary between the 



^•8* 79' • This diagram explains h<*w the hydraulic dynamometer is employed 
to toit the power ol an erujme. 


two, enabling the wheel to transmit its energy fo the case 
without their being rigidly connected. Put briefly it is 
this. The wheel is rotating; the case is resisting it; and the 
power employed to turn the wheel and the resistance of 
the case must therefore be equal. For if the case were 
resisting more powerfully than the wheel was being turned, 
the speed would decline ; or, on the other hand, if it were 
less the speed would increafse. Therefore the resistance of 
the case is equal to the energy being employed to drive 
the wheel. 

If, therefore, we can measure the resistance of the case, 
we shall find ouVwhat tb^ engine is doing. 




Measuring the Power of an Engine 

' Now you cannot weigh an object by letting it lie upon 
tjie ground, but if you suspend it, so that it has a slight 
range of possible movement, to the end o^ a lever or to a 
spring, and then find just the force n^ssary to keep it' 
from falling, the weight can be deternKined. In the same 
way, if the case were rigidly fixed we could not measure 
its resistance ; but if it be made free to turn round 
a little way, and if we hold it by means of a lever. 



Fig. 8o, This diantm hel{» us to see how the power of the engine is 
reckoned from the working of the dynamometer. 

SO that just prevent it from turning round, then we 
shall know exactly what resistance it is offering to the 
rotation of the wheel. 

The case is therefore fixed upon a centre, so that it 
could turn a little way were it not for a weighted lever 
attached to it. 

If, then, we want to test the power of an engine, we 
couple it to the dynamometer and make it drive the 
wheel. Then we attach weights to the end of the lever 
(udikh we will assume is 5 feet long), until we find that 
the weight is just able to hold the case from being moved 
by the ||)Dtatioii of the wheel ^de it.\Let u^ imagine 
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that we find 200 lbs. necessary for this purpose. Then 
we shall know that the engine is doing work equftl ^0 
lifting 200 IbsAat a leverage of 5 feet. The position will 
f be exactly the s^e as if the engine were turning a drum 
10 feet in 'diametw, with a rope wound round it and a 
200-lb. weight at the end. Then, if the engine is, under 
these conditions, making 100 revolutions per minute, we 
can see that the rate at which it is doing work is equal to 
200 lbs., lifted every minute, through a distance equal 
to 100 times the circumference of a lo-foot wheel. The 
result, you will find, if you care to work it out, is just over 
190 horse-power. 

In actual practice there is a more convenient way of 
finding the necessary weight at the end of the lever than 
actually putting weights on and ©ff. A very heavy block 
of iron is generally used, part of its weight being supported 
by a spring balance or suspended weighing machine. 
The latter can be raised and lowAed by a screw, so that 
the amount of weight which it supports can be varied, 
and the actual effective weight is, of course, that of the 
block less that which the spring balance bears. * This use 
of a heavy block makes the apparatus steadier in operation 
than if just the correct weight were employed. 

In the case of marine engines there is a simpler way 
still, constantly at hand, of determining the horse-power 
which the engine is developing at any moment. The 
engine, of course, is turning a long shaft. The screw at 
the other end is resisting it, and ct)nsequently there is a 
certain amount of twist in the shaft, an amount which is 
proportional to the power being transmitted from engine 
to propeller. , It seems at first sight to be impossible 
that the ^u^e steel propell^-shaft in a steamshiplcaa be 
271 
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subject to actual twist, yet it is quite true. It is only 
si?iall, however, and very delicate means are necessary 
to measure it. One of these I will describe. 

At some convenient point upon the arc fixed two 
thin steel discs, from 6 to 30 feet apart. In each of these 
there is a small slot, and behind one of them there is 
placed a lamp. At some other point there is fixed to the 
framing of the ship a little screen, with a slot in it also, 
and behind its slot an ** eye-piece " like that of a telescope. 
The whole of them are so placed, that at one point in 
each revolution of the shaft the light from the lamp shines 
through the holes in both the discs, and also through the 



Fig. 81. Diagram showing how the power of a nmrine engine can be 
measured by theWisting of the propeller shaft. 

hole in the fixed screen and into the eye-piece, so that a 
man placing his eye to the latter can see the light through 
all three ‘holes. Under those circumstances, of course, 
all three holes must be exactly in line. The apparatus 
js thus adjusted when the shaft is not turning, and when 
the engine starts it twists the shaft slightly and throws 
the holes out of line, so that the light cannot any longer 
be seen through the eye-piece. To make an observation 
the screen and eye-piece are moved by means of a very 
fine screw, until once more the‘three holes are in line and 
the light can be clearly seen at each revolution. Then the 
distance which the screen has«had to be moved forms a 
record of the twist which has taken placo in the shaft 
betweeijithe two discs. The st^'ength oHhe shaft to resist 
272 ' 
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twisting is known, and so from that the power which the 
engine is exerting can be calculated. , 

Similar metl^ds to all these can be used to ascertain 
* the power of a g^^or oil engine, althougli the' indicator 
is less used for thaPthan for the steam engine. In the* 
case of the steam turbine, however, the indicator method 
is not suitable, so they are always rated according to the 
brake horse-power. 

The comparison of the indicator with the brake horse- 
power is very useful, for it enables us to find out what is 
the loss of power through mechanical friction in the engine 
itself. This is much reduced by the excellent modern 
methods of lubrication, but even now it is a formidable 
aiiiount. 

The relation between these twe^measurements is known 
as the mechanical cfhcicncy of the engine. The efficiency 
referred to earlier, namely the proportion between the 
fuel supplied and the work done, is, for distinction, 
spoken^of as the thermal efficiency. 



CHAPTER XXlf 

INVENTIONS ON THE SEA 

A SHIP is itself among the most wonderful of inventions. 
Except in the few cases where there are several built 
exactly alike, every individual ship is in ventec^ separately 
by its designers, and a very marvellous performance it is. 
I do not propose to say much about that here, however. 
Nor do I intend more than a passing reference to the 
engines, which are such an important part of the modem 
ship, for I have had enough to say about them in earlier 
chapters. I want, if I can, to interest my readers in a few 
of the other valuable inventions, which are to be found 
on ships. 

The mention of the engines suggests the subject of coal, 
and so I will start ^yith a remarkable machine which has 
recently tbeen invented for putting on board the coal 
needed for the engines. The idea of doing such work by 
machinery is not new, for transporters have been em- 
ployed for years. These are really cranes, which pick up 
the coal out of a ** collier ” or a barge, cither with a bucket 
or with a kind of mechanical hand called a grab, and then 
run the bucket or grab along a rope or beam and ** dump 
its contents into the ship. 

At many places, however, the old method is emfdoyed of 
men canyinj^ the coal in bas]jLets from one vessel to the 
otherandsim^y tipping it into the bunkers. Both these, 
the hu^aan mthod and the ^transi^rter, ^ve one very 
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serious drawback. They cover the ship and everything in 
or upon it with a coating of coal dust. The state of^a 
ship after "cf^ding'* is almost indescribable, and the 
clearing up after the operation is almost as serious a 
matter as the loadi^ of the coal itself. 

Now this new plant, the name of which is the Suisted 
coal elevator, is designed to take the coal up out of a barge, 
lift it up to a height, and then shoot it down spouts into 
the ship, keeping it enclosed the whole of the way, so 
that the amount of dust which is able to float about and 
settle upon the ship is reduced to a minimum. 

Facing pages 276 and 277 there are two views of the 
machine. It will be seen to consist of two long, narrow 
pontoons, carrying a superstructure of steel framework. 
The barge with the coal in it is floated in between the two 
pontoons. Then a vertical beam, similar to what is called 
the ** ladder” in a dredging machine, is let down 
into it. At the bottom of this b&m is a drum known as 
a ” tKffibfer/* around which pass^ a chain, which is in 
prindpe a huge bicycle chain. To the links of this chain 
there are fixed scoops or buckets, whichever we like to call 
them. The chain of buckets forms an endless band, and 
it is stretched over the tumbler, which has just been re* 
lerred to, and also over two dthers at the top of the stmo 
ture. The steam engine, nribich is a part of the plant, 
rotates om of these tumhierB, and so causes the buckets 
to pass down into the barge, scoop op a quantity of coal 
as each one passes^md carry it to the top. Then, since 
the chain there toms over preparatory ^wdescending, it 
Mows that the buckets tiin over ad tM pwt and shoot 
out their coq^ts. 

The coaVfalb into /hopi^r there, iMiUdi t^ 
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pipes descend. These, although they are made of steel, 
aie so constructed as to be flexible. Each one has a kind 
of ** elbow ’* joint at its upper end, so that within certain 
limits it can be turned in any dire^n. Further, each 
one is formed in the manner which we usually associate 
with telescopes, one tube sliding inside another, so that 
the length can be varied very considerably. This means 
that by suitable ropes and pulleys each of the pipes can be 
manipulated to reach the “ coaling ports ” upon any ship 
of any size. 

In operation, then, this machine goes alongside the ship 
to be coaled, the barge is floated into position, the pipes 
are adjusted to deliver the coal to the proper openings in 
the ship, and then the machinery is set to work. The coal 
is carried up to the top,* shot into the hopper, and from 
thence falls down the pipes into the ship's bunkers ; and 
from the time it leaves the barge until it is shot right into 
the interior of the bunker it is never free, but is encased 
all the time. 

It is arranged that the buckets shall start to scoop out 
the coal from the bai|;e at one end, and as it is emptied the 
barge is drawn along so that the emptying operation, 
starting at one end, is continued right along until the whole 
is empty. If the barge be made with suitable sloping 
sides, so that the coal naturally falls to the middle, the 
machine could practically empty the.barge without the 
use of any hand labour at aU. 

Several difficulties hhve been cleverfy overcome in this 
machine. Onjt of these is* in connection with the vertical 
beam, as I hafve termed it, forWant of a better name. It 
carries, as you will remember, the bottom tumbler, around 
which the buckets pass at the tnome^U when tl ey pick up 
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see the machine just working on trial, and 
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the coal. Now this beam has to be raised to commence 
'^with, otherwise fhe barge could not get into place. Tljpn 
it has to comedown and dig its way into the coal lying in 
the barge underneath. Of course, there is no difficulty in 
making tht beam sis« and fall, the trouble is that it carries 
^he bottom tumbler, and every movement causes a varia- 
tion in the distance between the bottom tumbler and the 



Fig. Ss. ThU ihowt how the chain of buckets is kept taut The dot and 
da^ line represents the chain when the bottom tumltler is down. The 
dotted line when it is up, 

top ones ; and, unless it is arranged for, that must mean 
that the chain will be either stretched too tightly or else 
will be slack, when it will probably get off the tumblers 
and do no end of^amage. 

The difficulty i^ got o^r in this ingenious way. If 
you look at the illustralion . opposite ^ou will see a 
kind of bracket jutting |ut ro the rights That is for 
taking up the slack in the chain. The diagram 8a 
will make/die thin^clea^. There we see the bottom 

m 
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tumbler and the top tumbler with dotted line passing 
ropnd them representing the course of the chain oj 
buckets. But for the difficulty we are ^Tow discussing 
there would be no need for a third tumbler ; but as 
it is, it is this third one which saves the' situation. 
The bottom * tumbler, let me remind you, moves iir 
and down. The top one needs always to be near 
the top, so it is not convenient to move it at all ; 
therefore, when the bottom one moves up, and so leaves 
the chain slack, the third one is moved to one side tu 
compensate for it. The lower one is moved by gearing, 
and the third one is also moved by the same mechanism, 
so that they both work at the same time, and by that 
means the chain is always kept taut. 

In the illustration opposite page 276, one can see 
quite easily the vertical string of ascending buckets pass- 
ing from the bottom tumbler to the top in a straight line ; 
indeed, in the upward, loaded part of their journey they 
are guided by steel guides, but after they have passedpver 
the third tumbler they can be seen forming a festoon, as it 
were, swinging freely down to the bottom tumbler once 
more. 

This machine can put a hundred tons of coal on board 
in an hour. 

The time when a ship is leaving dock is an exciting and 
busy period for the engineers. The noise of the engines 
themselves, to say nothing of the various pumps and 
auxiliary machineiy which may /^e in motion, sounds all the 
more noisy, bemuse of the rece. it period of calm silence in 
dock. The bells of the eiiginelroom telegraph, by which 
the orders of the captain on the bridge are conveyed, are 
ringing incessantly, and the engind^have to\be started. 
.378 
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^ stopped, reversed, slowed do\m, or hurried up. The 
>dianges are confinual as the great heavy vessel is slowly 
guided throug^i the other ships near by or through the 
• narrow limits of the dock gates. 

Let us ‘suppose, that we arc unseen observers in the 
^ , engine room of a twin-screw steamship. There are two 
engines, one on each side of a central gangway, and from 
each a massive steel shaft trails away through a tunnel 
to the stem, there to turn a propeller fixed to its end. In 
the central gangway there stand four engineer officers, 
two to the port engine and two looking after the starboard 
engine. Of each pair one controls the handle which starts 
and stops the engine, while the other handles the reversing 
:?ear. There is a separate ‘‘ telegraph " for each engine, so 
that the officer above can give siparate orders to each, for 
in turning it is an advantage sometimes to have one 
propeller going ahead while the other goes astern. Each 
of these consists of a dial with aT)ointer in the centre, and 
round its edge such words as full*speed, half speed, etc., 
and tlie pointer, by pointing at on^of these, gives the en- 
gineers their orders. Each order, too, is accompanied by 
a bell sound to call attention. Each order must be 
acknowledged, too, by the engineer moving another 
pointer to the same indication which the first one is giving, 
so that the officer on the bridge may know that the correct 
signal has been received below and is being acted upon. 
And so these lour enraeers work away, making the 
engines obey the ivill oi\he navigator above. 

But it must not be tlought that the officer who re- 
verses the engine when ne^ded’does it himself, for he would 
need to be stronger than even a life on the sea can make 
him to do^ha^. rexprsal of a steam engine, 1 might 
^79 
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explain, is accomplished by altering the action of the 
valves so that the steam enters first, at the opposite en^ 
of Ihe cylinder. Imagine that a vertical e^ine is stand- 
ing still at this moment. If the steam enters the top of 
the cylinder first the crank will be turi\ed one way. If it 
enters the other end first it will rotate the other way. 
There are various forms of mechanism by which thi^ 
alteration can be brought about, but I will not describe 
them here. It is enough to say that they need to be 
operated by some power, such as the familiar reversing 
lever which most readers will have seen on a locomotive. 
In a large engine great force is required to work the re- 
versing gear quickly, particularly if the engine should be 
at work. The driver of a locomotive finds it hard work to 
reverse his engine by han^, and in many large engines has 
steam to help him. 0^ a ship the engines are far 
larger than any locomotive, and so very often there is 
a small steam engine, whose sole duty it is to i^everk the 
larger engine to which ^ is attached. This engine, acting 
by means of worm gearing, turns one way or the bther 
the heavy shafts an(f levers which form the reversing 
gear. ^ 

But sometimes, instead of an engine there is simply a 
steam cylinder and piston, the rod of which is attached 
to the reversing gear. Steam can be admitted below and 
the piston pushed up ; that turns the engine one way ; or 
it may be let in at the top and the pistbu pushed down ; 


that turns it the other \fay. here a difficulty arises. 
The engine with its worm gear elm hold the reversing gear 
in any desired position, for,^as rpointed out in an earlier 
chapter, it is characteristic of worm gearing that whereas 


the^ WDfmloan turp the v^heel, the w\^l dknn^ turn the 
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worm, and so the small engine can turn the reversing gear, 
but the reversing gear cannot turn the small engine. With 
the cylinder i\ is quite different. When the piston has 
moved far enough the steam is t unit'd off and then begins 
to condense. Whpn it has condensed there is nothing 
whatever to hold the piston, and it is quite •free to move 
up or down. Therefore, in such a case there is usually a 



Fig. Section of the hydraulic l>ruke used to "hold " the reversing geur. 

When the valve it turned otf (as shown) the ptston cannot move. 

hydraulic brake which holds the apparatus in any position 
into which the steam may have poshed it. 

This consists of a cylinder arranged ** tandem with 
the steam cylinder,* the two pistons being on the same rod, 
so that if the brak{; piston be hel^ the whole mechanism 
will be held. The brake c)^der is filled with water or oil, 
and its two ends are connected together by^a pipe just as 
the two ends of the cylinder are connected in a " Cornish " 
engine by the lqui|briu]p pipe. There is a vahre in 
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this pipe, and it is easy to see that when the valve is closed 
the piston is held ; but when it is open, since the liquid 
can pass freely through it from one end to the other, the 
piston can move. 

This valve and the one which admits steam to* the steam 
cylinder are coupled together, so that when one is worked 
so is the other. Thus, whenever steam is admitted to work 
the reversing gear, at the same moment the other valve is 
opened and the brake is thereby freed ; but the moment 
the steam is shut off the brake valve is closed too, and the 
reversing gear is thus held securely in the position which 
it then occupies. 

Another invention which is very similar to this is the 
telemotor, by which the steering wheel is made in some 
ships to control the steering engine which works the rudder. 
In a big ship, of course, great power is needed to work the 
rudder. Enough, in fact, to call for the strength of a number 
of men, and therefore it Is much better done by a special 
steam engine, which simply takes its orders from the motion 
of the steering wheel. ^Since sailors were so used to handling 
a wheel the old form of wheel has been kept to, and it 
looks to any observer as though the man steering a large 
vessel is doing it all by the strength of his own arms, just 
as he would be doing were it a very small boat. Stowed 
away, however, down in the lower part of the ship is a 
little engine which is doing the hard work for him. 

This engine is placed generaljy in the engine room, or 
at some place where it •will be eut of the way and yet be 
able to draw a supply of stemn from the boilers. And 
such a place Uoften a long ‘way,away from the bridge, and 
from the other places about the ship where steering 
wheels are installed. For on warsld^ particularly there 
^S2 
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are a number of stations from which the ship can be 
steered. The problem is to connect these wheels with t]ie 
steering engirft, and it is found that rods or revolving 
shafts are not satisfactory for tliis purpose. One reason 
for this is that the lods must often pass through the water- 
tight bulkheads or partitions, which separate the various 
compartments of the ship from each other, and therefore 
they must pass through holes in which they must fit as 



a piston rod fits in the cover of an engine^ cylinder, for * 
otherwise the bulkheads would cease to watertight. 
And the various parts of the ship changy ^n form with 


variations in tempegturc. Those, for wample, nearest 
the boilers will expand^ore than those next the cold 
water, and so it was found that the rods passing thus 
through watertight holes would become slightly bent, and 
therefore hard to move. ^ ^ 

The telemotm, however, will work just as well whatever 
bends may beVaus^ in«its piping, for it is worked by 
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water in pipes, and not by rods which slide or turn through 
holes. * 

Near the wheel there is a cylinder atfd piston, tlu* 
formcir being filled with water. Ni‘ar the steering engine • 
there is a similar cylinder. The top of the* “ wht;el " 
cylinder is connected by a pipe to thc^ bottom of the 
cylinder near the engine, and vice versa, as shown in 
Fig. 84. Thus, when the action of the wheel forces down 
the piston in the one, the water flows along the pipes and 
moves the piston in the other to exactly the saipe extent. 
If the first piston is raised similar action is in like manner 
produced in the engine room. Thus it is exactly the same 
as if the wheel were directly connected to the steering 
engine, and since the only working part in the telemotor 
is water in the cylinders and pipes there is not any appre- 
ciable friction. 

The steering engine is itself an interesting piece of 
ingenuity. Elsewhere J have ventured to call it the 
humorist of the engine family, and I would venture to 
repeat the term here, for it starts and stops, hesitates, 
reverses, qnd changes its speed under the controlling 
action of the ste^ ring wheel in such a way as to make its 
behaviour mosc comical to watch. It is simply a steam 
engine, and ho needs no special description, except for the 
valve by which the orders of the steersman above ex- 
pressed in the ^.osition of the wheel are converted into 
action by the engine. It is not sufficient for the turning 
of the wheel to open and close a vaive, for with that arrange- 
ment the slightest movement of the wheel to one side or 
the other would open the valve and the engine would turn 
the rudder to its full extent unless the wheel were put back 
at once to the central position. The wh. el would never 
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need to be moved more than a few inches. By a special 
form of controlling valve, however, the steering engipe 
is made to mwe the rudder, for every revolution of the 
* wh('el, exactly that distance which it would move were 
the wheel connected directly to it. 



CHAPTER XXIII 

USELESS INVENTIONS 


A STUDY of the records of any patent office will tell a 
pitiful tide of wasted time, energy, and skill, A man 
thinks of some idea. Instantly he sees fame and fortune 
ahead, so he fosters this child of his, spending his time and 
substance developing it, only to lind that no one wants it, 
and the fortune of which he dreamed can never be realized. 
He stakes his “ all ” and loses. Business has often taken 
me to the library of the Patent Oilice in London, yet I can 
never enter it without an uncomfortable feeling, sometliing 
akin to that which a visitor to a gambling den must 
e.xperience. So many great hopes have been fostered 
there, only to be dashed to the ground. So many people 
have been there, only to lind their hopes disappointed. 
The tragedies o/dhe Court of Chancery are not more sad 
•'thapi*tlIose td^the Patent Office. The unhappy story of 
Jamdyce an^l Janidyce has had many parallels there, and 
the ultimate Idisappointment has been none the less 
bitter because Wwas due to the foolishness of the sufferer 
himself. 

But here I want to tell of a few of ♦he instances which 
have come to my own personal notice, of clever inventions 
which were not useless merely in the commercial sense 
because there was no public demand for them, but useless 
because doomed to fail of their purpose, 4ince they were 
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based upon wrong principles. Of these, of course, per- 
petuW motion is •the most prominent. 

It is a stra?ige fact that, whereas our planet itself *is 
an e.xample of perpetual motion, there is no case of it on 
the planet ' nor can there be, unless our basic ideas as to 
the construction of the things around us ave altogether 
wrong. One of the oldest ideas was, that if a perfectly 
round and smooth ball were set rolling upon a perh'ctly 
smooth table, the ball would roll for ever. That implies 
a perfection of workmanship which has never been 
attained yet. It implies, too, that the ball and table 
must be enclosed in a perfect vacuum (for even the slight 
resistance which the air offers would be enough to^stopi^ 
(he ball in time), and the perfect vacuum has ytd to be 
made. And even supposing thayt were possible to make 
such a ball and such a table, and to set them in a place 
perfectly free from air, what good would it be ? The ball 
could do no useful work. It woiR^ be interesting to watch, 
ind would probably make its i)wnY s fortune as a show, 
until the novelty had worn off, afto(: which no one would 
5ven pay sixpence to see it. If w(* tried to harness it in 
iome way, so as to make it do work ry us,%^'e should 
instantly be introducing some resistanc^^hich»«'auhU, 
loon bring it to rest. 

I suppose the nearest approach to pe^tuity which 
las ever been reached is the case of a pe»i(&lum, working 
)n roller bearings lii as "ood a vacuum as it is possible 
to create. Such a^pendulum has^ been known to go for 
iome weeks. 

The earth goes on its course without any fresh energy 
3eing imparte^to it because it is free from resistance. 
The fdr is but thi& lay^r on the surface of the olanet 
38 ? 
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tself, and beyond that there is a perfect vacuum. The 
nvisible chains by which the earth is f)ound to the sun 
.imply guide it ; they cause no resist anco^ to its motion, 
rherofore it seems as if it will go on with undiminished < 
;pccd for over. 

The same<ipplies to those little pieces of matter which 
[orm shooting stars. They arc but minute planets, and 
JO long as they keep a respectful distance from the earth 
:hey, too, go on with unchanging speed, but as soon as 
:hey arc drawn into our atmosphere they meet with 
resistance, the energy which they expend in overcoming 
the resistance is converted into hc^at, and they are dissi- 
pated^ their fragments falling gently upon the earth in 
the form of impalpable dust. Thus even the perpetual 
motion of the heavenly |x)dies is stopped as soon as they 
:ome within the conditions which prevail upon the earth. 

The shooting stars are but another instance of what we 
were discussing in the cr Iffier chapter upon heat, where we 
saw how one kind of ^icrgy can be changed into another. 
Heat can be turned i'Uo mechanical energy, and mechani- 
cal energy into he it, but neither can be created out of 
nothing ; ^ xor c m energy be lost. 

i: v^ah be .lasted, however. All kinds of energy tend 
to become fmn verted into heat. Mechanical friction of 
any kind ^ises heat. The passage of electricity 
through a conototor causes heat. The rushing wind heats 
the surfaces against which it bl^ws, or the air of which it 
consists. Falling water is heated by dashing against the 
rocks. Many forms of chemical energy cause heat too. 
Indeed, all foi^ns of energy are^continually being changed 
into heat, and that heat tends to heame evenly dis- 
tributed throughout the earth.^ 
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Now when considering the subject of the heat engines, 
we saw that it is only a difference of heat which is any good 
to us. We n(?ed the heat of the steam boih'r, contrasted 
against the cold of the condenser, or something equivalent 
to them, il we are to set heat to work for us. Heat evenly 
distributed is no use. Therefore the energy which is 
converted into heat, only to become* evenly distributed, 
is wasted, as far as we are concerned. That is known 
scientifically as the '' dissipation of energy.” 

All these facts, be it noted, have bt'en known for so long, 
and have been so long subjected to the test of actual 
practice, tluit we can regard them as firmly est.ablishcd. 
Tliey seem to be as certain as anything in the wW^falm 
')■ human knowl(?dge, and they are fatal to the success 
of perpetual-motion machines. • 

For the root idea of them is, that they should manu- 
facture energy out of nothings Therefore, although no 
one who has followed the scientffic di'velopments of the 
past decade would dare to say that ^y thing is impossible, 
it can certainly be stated that ccn\iries have produced 
no single fact which even suggests thNsossibilTty of this 
being done. 

One scheme which was shown to me. is iltistrated by” 
the diagram Fig. 85. There we have a taiy of water. A, 
and a pipe, B, leading from near the bott^/i of it up to a 
height. There it enters the closed tank C, from which 
there is a small outlet, D.» Just below this outlet there is 
a small water-wheel. 

The inventor argued as follows. If, he said, the pipe 
B and the closed tank C Jbe filled with water, and the 
outlet D openedi the yater will fall from the outlet on to 
the turbine and terive*it r^d. There is, he continued. 

2igr ’ 
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a greater weight of water in]the tank C than in the pipe B, 
anti therefore the water in the tank will cfescend, and that 
in the pipe will be drawn up, on the principlefof the syphon. 
The water, after driving the turbine, will fall into the 
tank A, and will, in turn, be sucked up the pipe B, and so 
the thing will go on over and over again. 



the outlet, with a force due npt to the total weight of 
water in the tank C, but only to the weight of the column 
of water immediately over the outlet. All the rest of the 
water will b« supported ' on ,the bottom of the tank. 
Therefore the weight acting downw^ds in the pipe B will 

be greater than that acting in the tahk C^;and so the .water 
* 
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in the pipe will fall down and that in the tank will b 
drawn up. ^ • 

Nor will any alteration in shape, size, or in any othe 
way of either tank or piping get over the fundaments 
fact, that if you have a syphon with both legs in the sam 
vessel of water no flow will take place. Th*e outlet mus 
be lower than the inlet. 

Another scheme which I once saw involved the use c 
electricity. There was a dynamo and a motor couplet 
together, •both mechanically and i lectrically. That is t 
say, a belt connected a pulley on on(‘ to a pulley on th 
other, and wires carried the current from the dynamo t( 
the motor. The essential part of the idea was, *AalC tb 
pulley on the motor should be smaller than that on tb 
dynamo. • 

It was suggested that if such a combiniition were one* 
started, the motor would driv|^the dynamo mechimicalh 
by means of the belt, while the^^vnamo would, in turn 
drive the motor by electricity. Vlow, of course, it i 
easier to drive a large pulley by mi^s of a smaller one 
than it is to drive one of the same sirb^ Theitfore, con 
tended this ingenious inventor, the m^or^^l hav( 
a comparatively easy task to drive the dyn^o, andf"^ 
there will be a surplus of power in the moyix which cai 
be used for some other purpose. / 

The weak point here is that, althoifgh the task o 
turning the dynamo would be made less severe by th< 
difference in the siz%s of the two pulleys, the speed woulc 
be affected too. When two pulleys work together, eithei 
by means of a belt connecling*them or by<eeth on theii 
edges, or by friction between them, the result is always the 
same* The lev€|rage,*as explained in an earlier chapter 
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will enable the smaller to turn the larger more easily than 
t\\H larger could be turned directly by itself but what is 
thus gained in power is lost in speed. 

And, otlier things remaining unaltered, the current 
generat'd by a dynamo varies in proportion to the speed. 
Therefore, the pulley being smaller on the motor than on 
the dynamo, has no bearing at all on the matter, for while 
it makes the work easier for the motor to drive the dynamo, 
it idso makes the dynamo less able to supply current to 
the motor. • 

As a matter of fact, electrical machines are often tested 
by this very means. Two machim's are coupled together, 
as ucjcribed, and they are then driven by an engine. The 
current generated in the dynamo helps to drive the motor, 
and were there no suchdhing as resistance and friction, 
the two, when once started, would drive each other. 
Only, it must be noted, t)i;it even then they would have 
no surplus power to sp?^\ All that either could do would 
be needed by the otyor. In practice the engine has to 
keep on turning tMn, for it has to supply the power 
which, iirbuth ^^chines, is lost by mechanical friction 
and in el‘\irit>4 resistance. The energy which the engine 
nas to suppl^ to them, in order to keep them up to their 
proper speech is therefore a measure of what they lose 
in themselveA If the two machines are alike this can be 
divided equally'^De tween the two, and so the ** efficiency " 
of each can be determined. t 

Anotlior plan whiclf was imce sIkAvu me was not for 
perpetual motion, but w’as equally futile. The idea was 
to utilize what was supposed to be waste power in a steam 
engine. It was put forward, too,^ by 1 man who had 
taken two high degrees at twep famous lAiiversities.* 

* *292 
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The steam in a steam-engine cylinder pushes against 
the piston : it afso pushes against the end of the cylinder. 
Why not make the force which is now wastcd^agLiinst the 
end of the cylindt'r do useful work ? 

That was the proposition. Its author failed to see tlie 
difference between at'tive force and passiv^ force. The 
steam does work in pushing the piston, but it does no work 
against tin* end of the cylinder. He probably tluiught of 
times when he himself had attempted to perform some 
physical iask b(‘yond his powcT, and remembo’;(‘d that 
he then did very hard work indei d. Hut th(‘ op<‘ration of 
the human body is very differ* nt from that of steam. 

If we liad a boiler, and heated it until the^.ste:i.4«T!v 
'ide had reached, say, loo lbs. pnssure, and if W(‘ then 
had (which we have not) a Hanket of perfectly non- 
conducting material which we could wrap round it, the 
pressure would remain at loo JIds. for eviT. It would not 
need any further expenditure ot^u l to keep it at that ; 
yet the steam would be pressing the time against the 
side of the boiler, just as it does gainst the end of a 
cylinder. ^ ^ • 

If, however, we let the steam escape ii^o cylinder 
of an engine, and there do work, it will quickly (oso pres^Jtiie, 
unless we supply it with more heat. In other words, so 
long as no work is done no energy is consumed, but so 
soon as we begin to do work fresh eneffey must ho put 
into it to keep up the supply. Therefore the pressure 
exerted passively i9pon the end ol the cylinder is not in 
any way wasted. 

Or we can siee the falli^cy In another way. Suppose 
that it takes a cubic foot of steam to push the piston 
I fo<it from on| end of a certain cylinder towards the 
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Dther end. Then the energy consumed is the amount of 
liejvt necessary to generate that cubic foot of steam. 

Suppose, ,noxt, that the cjdinder were made to contain 
two pistons instead of one, and that the steam were ad- 
mitted between them, so that there would be no force 
* wasted ” oi\ the end of the cylinder. The two pistons 



would recede from one another under the pressure of the 
steam, and for every foot which each of them moved, i 
cubic foot of sttam would be used. The consumption 
of steam will be seen, then, entirely to depend upon the 
part which it is pushing against giving way before it. If 
it does not move no energy is consuihed. 

There is another class of indentions which are useless, 
because they do not take into account thj nature of the 
human being who has to use (them. Ap illustration of 
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this is to be found in the rachet brace, which was referred 
to ih an early cWhpter. You will remember that with that 
tool the worlcman turns the drill wlien moving the handle 
one way, but not when he moves it the other. * There have 
been coimtless forms of double-acting ratchet brace 
invented and made, but none of them Ivive had any 
success, because the inventors forgot the man who uses 
it. He can only exert a certain amount of energy in a 
certain time. Moreover, since such tools are pre-emi- 
nently i^^tended for use in awkward places, he is often 
forced to work in uncomfortable positions, so that his 
power for work is less than usual. The return stroke, 
therefore, being easy, gives him a moment's respj^iviiC < 
which to rest his muscles and prepare for the nf^xt working 
stroke, but with a double-actinj^ drill he would lose that 
moment of relief. The only consequence would be, that 
he would have periodically to knock off work altogether 
to rest, so that with the improved tool he would do no 
more work than with the old onc^ 

Ofte could go on indefinitely atiding to these useless 
inventions, but there is a limit to thV length 0/ a chapter, 
so I must be content with the^e illJktrati»ns. Should 
they meet the eye, however, of any possibIe^hvcH?t/r^ 

I trust they may serve as a warning against the chance of 
becoming a useless inventor. 


•295. 



CHAPTER XXIV 

THE INVENTION OF THE GAS ENGINE 

By way of preliminary explanation, I may remark that 
the gas engine, and its near relative, the oil en^ne, are 
often termed internal-combustion engines. This is be- 
cause the combustion of the fuel takes place, not in a 
ksepQjate contrivance like a boiler, but in the engine 
cylinder itself. 

The internal-combustion engine, again, is half-brother 
to a gun, which may, indeed, be considered the first form 
of it. The gun-barrel compares with the cylinder of the 
engine, the bullet gives p4ce'to the piston, while the work 
of the gunpowder is performed by the gas. The only real 
difference between the two is that in the case of the engine 
the " bullet " is not ^owed to escape from the end of the 
** barrel," hvif. is bi^ught back to its starting-point every 
iioSfc, ^ ' 

Soon after the invention of the successful steam engines 
of Watt, in 1807 to be precise. Sir George Cayley invented 
a hot-air engine in^which air was expanded in a hot vessel, 
just as water is expanded in a boiler, and 4 he pressure due 
to this expansion was used to drive an engine just as the 
pressure of steam does. Indeed, it 1 was practically a 
steam engine driven by heated air instead of heated water. 
The engine itsefi worked a pump, which forced cold air 
into the hot chamber, just as a steam'^engine immos cold 
996 ^' 
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irater into its own boiler. This type of engine will work, 
and has, in fact, been used to propel ships ; but it has .one 
fatal drawback to complete success : it is liable to get tbo 
liot, and then the heat produces mechanical difficulties. 
The temperature employed has, therefore, to be kept 
comparatively low, and so, in accordance witl^the formula 
which we discussed in an earlier chapter, it is very in- 
efficient. 

Still, it has its use, for it is safe and needs no skilled at- 
tention, and so such engines are made now, but only in 
sizes up to about i horse-power, so that their usefulness 
is severely limited. The chief interest in Cayley's inven- 
tion is that it serves to lead up to the intemal-combusUj)p 
engine, and it is interesting to trace the develojmient step 
by step. 

In 1826 another type of hot-air engine was invented, by 
i Dr. Stirling. In this type there is a cylinder with a 
piston in it like a steam engiife, and a second one with a 
long piston called a displacer. Tliis does not fit tightly 
in th# cylinder, and it is not merely a disc, but a long 
cylindrical object, the purpose of whilh is to drive the air 
in the ** displacer-cylinder " to and froj from«one end to 
the other. One end of this displacer-cylindef*is 
bot, while the other is kept as cold as possible, so that 
when the displacer is at the hot end (and the bulk of the 
air is therefore at the cold end) the air^contracts, while 
when the displacer is at the cold end the air expands, 
rhe displacer-cylinder is connected by a pipe to one end 
of the working cylinder, and so, as the air expands and 
contracts owing to the action pf the displacer, the piston 
is alternately ppshed forw^d and sucked b^k. The same 
air, then, is oker and over again, there being In 
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modem engines of this type only one valve, and that a 
small one, to let in enough air to make good any* lost 
thfough leakage. The action of,the engine* itself can, of 
course, be ftiade to move the displacer just as the ordinary 
engine works its own valves. Tho same difficulty of 
working with a maximum temperature sufficiently high 
to obtain a good efficiency militates against the use of 
these machines also. 

Next we come to the year 1850, when M. Lenoir in- 
vented an engine which forms the connecting linh between 
the hot-air motors and the gas engines. He had a cylinder 
like that of a steam engine, and for the first half of the 
s^ke *a mixture of air and coal gas was permitted to 
enter the ftylinder. Then an electric spark was caused to 
ignite this mixture, and the expansion which followed as 
the result of the burning pushed the piston the rest^of the 
stroke. Here the question will naturally occur to the 
minds of most readers, what moved the piston that first 
half of the stroke before the combustion took place ? 
The answer is, the momentum of the fly-wheel. • 

The weak point d this engine was that it used a great 
deal of gas^ so in* 1866 another appeared. This was the 
^ Qrqguct <ff two German engineers, Langen and Otto by 
name, the latter of whom may almost be called the 
“ Watt ’* of the gas engine. The operation of this curious 
engine was as fqjlows. The piston was first lifted about 
a fifth of its stroke by the momeptum* of the fly-udieel, 
thus drawing in a chai:|e of gas and are* Then the charge 

was ignited by the action of a slide valve, which just at 
the right moment uncovered a flame and allowed the gas 
to come into contact with it." The pressure sudden^ 
caused by the burning drove ^e pistmi upwards until 
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the force of the expansion was all spent. Then the mo- 
mentum of the heavy piston carried it still farther, so as 
to cause a partial vacuum in the cylinder, under the inifu- 
ence of which, together with its own weight, it descended 
once more! When It had descended to such an extent 
that the partial vacuum had ceased to exist, a valve 
opened and the remainder of the stroke served to eject 
from the cylinder the burnt gases, which had, of course, 
to be got rid of before a second charge could be intro- 
duced. After that the same cycle of operations was gone 
through over again. The mechanical part was so arranged 
that the piston went up freely, and did its work as it 
descended. The mechanism, on the other hand, lifted ♦he 
piston the first part of the stroke while it was Drawing in 
the charge. These engines were yery noisy, but they were 
comparatively economical ; for they used only about 26 
cubic feet of gas per horsey-power per hour, whereas 
Lenoir's engine took about 96 feet. 

Finally, in 1876, Dr. Otto, whom I mentioned just now, 
gave*us the brilliant invention which has made the gas 
engine what it is to-day. He found ^hat by cpmpressing 
the charge of gas and air before it was fired jie got an 
equally powerful expansion out of a weaker mixture, dhat • 
is to say, out of a charge containing a smaller proportion 
of gas. Moreover, the expansion took place much more 
quietly, and the effort which it producsd was more sus- 
tained : it was iftore uniform throughout the stroke and 
did not fall off S9 quickly after.the actual burning had 
ceased. « 

And here I must interpolate a word about exfdosions. 

I have not used the term so far in connection with these 
eogilies, but have referred to what takes place as ** hrnn- 
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ing/* In doing so I have been quite correct, for the ex- 
plosion of a gas (and, indeed, of almost all explosives) is 
simply the sudden expansion due to the sMen genera- 
tion of heat by sudden combustion. Coal bums slowly 
and therefoife does not explode, for bdng solid the carbon 
and oxygen are not mixed. Fine coal dust well mixed 
with air wUl explode, however, and so will gas and air, 
while explosives such as cordite, gun-cotton, dynamite, 
and the rest of them are simply solids composed of carbon 
and oxygen in combination, so that the moment certain 
conditions cause the carbon and oxygen to be separated 
they form an intimate mixture, and can instantly bum 
together, evolving great heat with a correspondingly 
sudden and violent expansion. Explosion, then, while it 
is a convenient term to describe what takes place in the 
cylinder of a gas engine, simply means combustion in a 
certain manner. We need to remember this in order to 

c , 

see the connection between the gas engines and the hot- 
air and steam engines. 

And now we may enquire what are the merits of thb gas 
engine whi^h are enabling it to displace the steam engine 
in so many places.* To understand this I must refer you 
*to that formula once more, by which we calculated the 
maximum possible efficiency of a theoretically perfect 
steam engine. We took the highest practicable tempera- 
ture in the steanb engine as 550 degrees Fahrenheit, and 
the lowest as 100 degrees Fahi^enheit,* resulting in an 
efficiency of 45 per cent^ Now in the gas engine we can 
get a temperature of about 3000 degrees Fahrenheit, and 
while we cannot expand the hot gases down until we get 
such a low temperature as we can obtain in a steam 
engine, we can keep them at worje in the engine until 
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have fallen to ^about 750 degrees Fahrenheit, which, 
working on the formula just referred to, gives us. an 
efficiency of a*bout 64 per cent. Therefore, loo^g aHffe 
matter broadly, the temperatures which we can obtain 
and use in ti gas engine give us a better chance of making 
full use of the heat in our fuel than those possible in a 
steam engine do. 

We have seen, however, that in the case of the hot-air 
engine there were difficulties of a mechanical kind which 
arose from too much heat, and the same would occur in 
the gas engine were not precautions taken. For this 
reason the cylinder has a ** water-jacket " round k ; there 
is a sort of outer cylinder formed outside the ^lind^r 
proper, and between the two water is always circulating. 
But for this the walls of the cylinder would soon become 
red hot and would be almost burnt up. The water-jacket 
is a necessary evil, therefore ; but it is an evil all the 
same, for it runs away with aCout 50 per cent of the heat. 

At one fell swoop,” then, our 64 per cent is cut down by 
half to only 32 per cent. Against this, however, when 
comparing the gas engine with the stteam engine we must 
place the fact that there are none of those losses which 
must accompany the use of a separate boiler, such as the 
heat which passes up the chimney or escapes from the 
boiler and the steam pipes into the surrounding atmo- 
sphere. There is none of that serious jpss, too, which is 
due to the latent heat of steam, by which valuable heat 
disappears during.the formation^ of the steam and only 
appears again in tho cooling water of the condenser, where 
it is of little use. Taking all .these things into considera- 
tion the actual efficiency of a good gas Engine is about 
25 per cent, which, lo^ though it is, compares very 
^1/ 
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favourably with that of an equally good steam engine. 
After this digression we will return to the construction of 
trte engine. The engines of Otto worked* by repeating 
over and oVer again a cycle of four strokes, generally known ‘ 
as the Otto cycle.” The cylinder, cl must explain here, 
is generally ^single-acting, that is to say, one end is open 
to the atmosphere and one end closed, so that the force 
can only be applied to the piston in one direction, instead 
of both ways alternately as is usual in the steam engine. 
Only one stroke in each cycle develops any pkower, the 
other three being preparatory only, and are due to the 
momentum of the fly-wheel. The first outward stroke, 
that is*^ towards the open end of the cylinder, draws in 
the charge. The second stroke, which is, of course, an in- 
ward stcoke, compresses this charge into the space at the 
closed end of the cylinder. Then, at the commencement 
of the third stroke, the explosion takes place, the piston 
being thereby driven violently outwards, and finally the 
fourth stroke of the series drives out the spent gases, after 
which the cycle is gone through again. * 

There are gas engines which are double-acting, the ex- 
plosions taking place at both ends of the cylinder and not 
at one only, so that the piston is driven both ways as it is 
in a steam engine. The vast majority, however, are 
single-acting. Most gas engines, too, have but one cylin- 
der, sometimes o| great size ; but many are made with a 
number of cyhnders generally side by side, so that such 
an engine is really a number of engines having a crank 
shaft common to them all. 

While the Otto cycle still holds the first place, there 
have been man^ attempts to contrive a tw>stroke cycle. 
The advantage of such an arrs^ement is apoaient. for 
30a 
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if an engine of given size gives out a certain power with 
one explosion cvchy four strokes, it will clearly give^ 
much more if* there be am explosion every tw^trolfBs 
The difficulty is to do away with two out ofthe four 
strokes of the Otto «yclc. It is generally done in some 



Fig. 88. This is a diagram illuslrating the working a ” two-stroke *’ gas 
engine. The piston has just reached the top of its stroke and uncovered 
the mouth of the inlet port, through which the charge rushes in, hlHifl the 
tower part of the cylinder. Descending, the piston compresses this, until 
the upper end of the transfer port is uncovered, when the charge rushes 
iriolcntiy into and fills the upper part of the cylinder, at the same time 
driving out the waste gases through the outlet. 

• 

such way as this. *The cylmder is closed at both ends, and 
the explosion takes*placc at one end, while the gas enters 
at the other. • 

As the piston approaches wjiat we may call the ** ex- 
plosion end,'* il sucks in t£c mixture of airland gas at the 
other end. Then the explosion takes place and drives 
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the piston towards the inlet end,” as we might call it. 
Thus the charge is partly compressed during the explosion 
When the explosion stroke is nearly completed 
the compressed charge is allowed to pass through a port * 
to the explosion end, and, owing to*its having been com- 
pressed already, it naturally rushes in with great vigour, 
thereby driving out the spent gases of the previous stroke 
and filling the cylinder with a fresh charge. The piston 
returning compresses this again in the usual way, and so 
all is ready for a fresh explosion. Thus thero is an ex- 
plosion every time the piston reaches one end of the 
cylindj^*, or, in other words, an explosion every two 
strokes instead of every four. Put briefly, the charging 
sljoke takes place simultaneously with the compression 
stroke, in the other end of the cylinder, while the ex- 
haust stroke is practically done away with, the partly 
compressed charge being transferred from one end to the 
other almost instantaneously at the end of the explosion 
stroke, the exhaust gases being driven out at the same 
moment. 

Attempts have Uben made to produce a single-stroke 
gas engine, that is to say, one in wliich there is an ex- 
plosion every stroke. This has generally been done by the 
use of a supplementary cylinder, which draws in the 
charge and compresses it very much as the ” inlet end ” 
of the cylinder^idoes in the two-stroke engine. The 
advantage of such an engine oyer the two-stroke would, 
therefore, appear to be but little, forqf there need to be 
two cylinders there may just as well be an explosion in each 
of them every two strokes, as two explosions in one and 
none in the otKer. Therefore a two-cylindbr engine, with 
each cylinder working on the ^wo-atroke system, igroold 
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«em to be quite as good as a two-cylinder engine with one 
>f its cylinders working on the single-stroke raethod^^jpii 
he other doing nothing^biit preparatory strol^ffT* 

And this arrangement of two two-stroke cyl^ders has 
he advantage that*it avoids the heating trjybles whicli 
nust occur when there is an explosion every stroke. In- 
leed, even the two-stroke engine suffers in this way. Ir 
he four-stroke cycle there is time between the explosions 
or the water circulating in the water-jacket to reduce the 
;emperature and so prevent it from reaching a dangerous 
imit. When that interval is reduced, however, from 
hree strokes to one it is not so easy to preve^ over- 
leating. * 

This question of cooling the cylinder, in^an engtffi 
vhich depends upon heat for i^ motive force, is an in- 
teresting subject. As I mentioned earlier, it is the heating 
troubles which cripple the ho^-air engine, and it may well 
t)e asked how it is that the difficulty cannot be overcome 
t)y cooling the cylinder with waiter in that case also. The 
explanation is that in the hot-air engine the heating action 
IS practically continuous, while in the gas engine it is 
iudden and all over in a moment. 

If a hot-air engine had its cylinder cooled sufficiently 
to prevent overheating, the hot air, when it entered the 
:yliqder, would be so reduced in volume by the cooling 
iction that it would lose nearly all its ptwer. In the gas 
engine, howdVer, the genaration of heat is so sudden that 
the gases have expanded and dont their work before the 
:ooling action of th€ water-jacket has had time to neu- 
tralize the effect of the coi^bustion. It is, jf course, quite 
possible to codheive a gas engine working so slowly that 
beforg the end of its ^oks the water-jacket could rob the 
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gases of their heat to such an extent, and so deprive them 
"i^^heir pressure, that the stroke could not be completed. 
The hea^ generated would therAore be passing almost 
directly i^om the cylinder to the cooling water without 
doing workv a useless state of things. * Such an ‘imaginary 
engine, of c^rse, would never be met with actually ; but 
it is simply an extreme case of what happens continually 
in every gas engine, and it is only the rapidity of action of 
the gas engine which keeps the loss of useful heat down to 
the 50 per cent mentioned just now. • 

The same difficulty has so far militated against the in- 
ventioi/^of a successful gas turbine. A charge of gas and 
air can easily be pumped into a combustion chamber and 
elfploded Aere, and the hot gases resulting from the com- 
bustion chamber can the^ be led to some form of turbine ; 
but the continual introduction of the hot fluid at the same 
end of the turbine, which js such an advantage in the 
steam turbine, causes, in the case of the gas turbine, such 
a high temperature to be reached as no known machine 
could stand for many minutes. 

The gaa engine can be driven by any kind of com- 
bustible gas so long as it does not form soot or other 
deposit in the cylinder. Coal gas, acetylene, and a cheap 
kind of gas called Dowson gas, or producer gas, can all 
be used. A cheaper gas still, the waste " fumes from 
iron furnaces, i# even employed to drive ^as engines. 
Vaporized oil also forms a useful gas fof the purpose, and 
so we come to the oil exgine. • 

With the exception of one type* which will be de- 
scribed presen^y, these are simply gas engines with some 
provision for turning liquid oil into va^ur. In some 
cases this is done in the cylinder it^lf . At the bac]^ end 
‘ 306 
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of the cylinder, where the explosion takes place, there is 
great heat, and*if it be arranged that the water-ja(;^;€i 
does not come too nea^ to that part, it is, as** ,l<fas the 
engine is at work, amply hot enough to vaporiyf any oil 
which may be introduced. During the suction/br charging ‘ 
stroke, therefore, the engine draws in not gasf and air, but 
a volume of air and a few drops of oil. Tlie oil is im- , 
mediately vaporized when it comes into the hot chamber, 
and the vapour so formed mix('s with the air and consti- 
tutes an explosive mixture similar to the charge of gas and 
air in the gas engine propt‘r. In some engines, however, the 
vaporizer is a separate vessel (gt nerally heater^ by the 
hot exhaust gases as they It^ave the cylinder) in which the 
oil is changed into gas, after which it is dra^Vn into tile 
cylinder with air exactly as the ^as and air are drawn into 
a gas engine. 

An important event occyrred in 1884, when Herr 
Daimter brought out a light high-sjx'ed oil engine. This 
was further dt'Vtiop^d by Messrs. Panhard and Lcvassor, 
who,* as recently as 1895, produced the petrol motor very 
much in the form in which it is made to-day. • This little 
engine, again, is but a small, light gas engine, deriving its 
gas, the vapour of petrol, from a small, indeperKient 
vaporizer, or carburettor, as it is more usually termed. 
This important part of the motorist's outfit needs no 
heat, for th<f liquid petrol is so volatile that it needs only 
to be sprayed into a chamber through a fine nozzle and 
brought into contact with a current of air for it to be 
completely changed into a very inflammable vapour. 
Nearly all petrol motors >^ork*on the Otto^ cycle, and pos- 
sess ail the orflinary features of the ordinary gas engine. 
Theit special clmactlsristics are generally connected with 
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their external form, which is different from the larger 

• ^ t 

jim^^hinos, since they arc mostly for driving vehicles or 
small tifeSor flying machines, anfe consequently must be 
very co^act. Often, however, they are very like an 
ordinary wtical gas engine. The cT^inder or* cylinders, 
for there ar J often several, are placed in a vertical posi- 
tion with their open ends downwards, the crank shaft 
running below them all. In other makes two cylinders 
are arranged like a letter V," with the crank shaft at the 
apex. In one extraordinary machine designed solely for 
flying machines, known as the " Gnome," there are, in 
one si^j^, seven cylinders, and in another fourteen, 
arranged like the spokes of a wheel, with the crank in the 
centre. Tl?e cylinders are all in one piece, and themselves 
revolve, while the single frank on to which they all work 
remains stationary. The result is, of course, precisely the 
same, whether the crank of ^n engine revolves in relation 
to the cylinder or the cylinder in relation to the crank. 
So long as one rotates in relation to the other the object 
of the engine, namely to produce a rotating motion, is 
achieved. Jn order, then, to save the weight of a separate 
fly-wheel the cylinders themselves are thus made to form 
theinown fly-wheel, and at the same time, by their motion 
through the air, to c(K) 1 themselves without the aid of a 
water-jacket. Just, too, as a number of cylinders set at 
different angles can push in succession at thetsame crank, 
so these revolving cylinders caa all wortc on to the same 
crank. 

One of the most important events in the history of the 
oil engine happened in the’ycaj 1900, when Herr Diesel, 
an officer in the Austrian Army, invcifled an engine 
which, in some respects, was quiite dMerent from anything 
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that had gone before. It works on a four-stroke cycle, 
but on the first stroke, instead of drawing in a mixture, 
it draws in pure air. 'flic compression stroke,"^jf!j!resses 
this to a pressure of about 500 lbs. per squarcMnch, and 
the result* of this compression is to raise its J^mperaturc 
to about 1000 degrees. Near by there i^ a reservoir, 
which, by means of a pump, is kept full of air at a still 
higher pressure, namely 750 to 80(3 lbs, per square inch, 
and just at the end of the comprc'ssion stroke this air 
is made to blow into tlu* cylinder a spray of oil. The high 
temperature already e.xisting in the cylinder, because of 
the high pressure, is suhitient tu cause this spray Jto burst 
into flame immediately. Thus there is no explosion, bUt 
instead, during the first part (»f the " power stri^cc;** 
there is a steady burnin}^ going^on in the cylinefer. This 
results in a more sustained and uniform effort than the 
sudden push of an explosioi^ and, moreover, it provides 
a means of adjusting the power developed to th(‘ power 
required to a nicety ; for all that is necessary to vary the 
powW developed is to change the duration of the oil 
jet. When running light, doing no work, lhat is, the 
engine can be kept going with a mere puff of oil at the 
commencement of each stroke, while when it is under full 
load the jet can be kept up for a third, or even half, the 
stroke. The governor is made to vary the duration of 
the jet. 

It is engines 6f the DiescT type which may form the 
propelling machinery for even large ships before long. 
The '' motor battlrthip " is already being talked about, 
and if it ever materialises, *this is the kind of engine 
which will, inwall probability, be used. 

Except for the Diesel ^gines, all gas and oil motors 
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need some means of firing the charge at the right moment, 
lihp first means used for this, as I have mentioned already, 
was tnfiWkctric spark, but that was soon superseded in 
favour oMhe naked flame. Reference was made just now 
to an earl^ngine which had a kind of slide-valve, which 
at the right rtioment allowed the gas to come into contact 
with a flame. Later, an incandescent tube came into 
favour. This is sometimes kept hot by a lamp outside 
the cylinder, while in other cases it is made to project 
into the pipe, through which the hot exhaust gases pass, 
and they are hot enough to keep it glowing. In some 
engines^ there is a valve to permit the gas to enter this 
tiibe when the explosion is required, while in others 
The ^compression is relied upon to force the gas into it 
just at fhe right time. ^In the great majority of cases, 
however, the electric spark has now displaced other 
methods. So we see the ^ange spectacle of the first 
method, after having been displaced, coming into favour 
again. Probably that is because the electric spark was 
less understood, and therefore not so w^ell under control 

I 

in the oldor days as it is now. Much progress has been 
made in electrical science since then, and some of the 
great'est electricians have not disdained to direct their 
efforts to improving and developing methods of bringing 
about the ignition of the charge in gas and oil engines. 
Thus the electri(J> spark, which, compared with the hot 
tube, used to be fickle and unreliable, is now as certain 
in its action as the other, and much 'more easily timed, 
so that it shall do its work at the precise moment when it 
is required. 

The valves of the gas engine, too, hive undergone 
several changes. At first they were df the “ slide '' variety, 
‘ 3*0 
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such as are to be found in steam engines, but they were 
unluitable durirfg the compression and explosion strokes, 
for then the tendency^ for them to be lifted the 
face upon which they slide and let the pressv^e down. 
In almost all casejf, therefore, tliey are now j#f the kind 
shown in Fig. 14, as used in pumps. Th^se are called 
mushroom valves, because of their resemblance (a remote 
one, it must be admitted) to the shape of a mushroom. 
Their special feature is that they lift easily imd allow a 
fluid to pass through in one direction, but close tightly 
against any return in the opposite direction. Thus they 
admit the charge easily, but i‘ffeCtually resist any tendency 
for it to escape when, during the compression* and ex- 
plosion strokes, it is inclined to do so. ^ 

There arc always two, and sometimes three, valves 
in the cylinder of a giis or oil efigine of the ordinary type. 
One lets in the charge of gas and air, while another opens 
at the right moment and lets out the spent gases during 
the exhaust stroke. The third, when there is one, is 
used to let in the oil or gas, while the sectmd lets in air 
only. Those whose function it is fo let something in are 
often left to open themselves. They arc simply held 
closed by a light spring, which the suction of the engine, 
during the charging stroke, is easily able to overcome. 
The exhaust valve, however, since it needs to be opened 
against pressure, in o.'der to let somc^iing out, has to be 
pushed open by somc^ form of mechanism operated by 
the engine. 

There are gas engines which have no valves at all, an 
instance of which is typified in Fig. 88, where there are 
only holes iA the sides of the cylinder, ^hich are covered 

and uncovered bv 4 he ipotion of the piston itself. There 
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is at least one type of gas engine, too, which has a kind of 
slide-valve. It is known as the Silent* Knight," for it 
was hnji^ted by a man of that naiAe, and its main feature 
is that iV is free from the noise which accompanies the 
opening ai\d closing of mushroom vhlves in 4n engine 
working at lygh speed. 

The cylinder of this successful and remarkable engine 
is like three tubes one inside another. The outer one is 
fixed, while the others are free to slide up tind down, 
the piston, of course, being inside the innermost one. 
There arc holes in all three which form the inlet and outlet, 
and a simple mechanism, consisting of two small cranks and 
copnectihg rods, reciprocates the two inner ones, bringing 
Ijples in all f.hree of them into coincidence when the inlet 
is required to be open, and three other holes on the oppo- 
site side when the outlet is required. The escape of the 
charge during the compression stroke, and also during 
the explosion stroke, is prevented by the fact that during 
that time the inside tube, or sleeve, as it is termed, 
passes up to the top of the cylinder, so that the hdles 
are beyond the end ol a plug, fitted with rings like those 
on a piston, which fits inside the sleeve. These rings 
succe^fully resist the tendency for the gases to escape 
during the moments of high pressure within the cylinder. 

The story of the invention of this motor will form a 
fitting conclusion tp this chapter, and it has been told by 
Mr. Knight himself. As an example of how an inventor 
should set about his wor|^ it woiild be hard to beat. His 
attention was directed to the subject through being 
annoyed by the noise of hi^ own car. Not himself a 
builder of motors*at that time, he approachedthe question 
with an open mind, free from ^e preconceived notipns 
3*2 ^ " 
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wtuch so often (lampcr originality. Yet he did not work 
in the dark,«for he has f aid that he read every boc^n the 
subject in the English language, besides the Specification 
of every, patent ^elating to motors and their v«dvcs, 
which could be seen at the Patent Library at Washington. 
Thus he knew all that had been done in the past, and was 
able to avoid attempting to work along lines which had 
been tried already and had failed. Thvn, after idl this 
study and long consideration, he thought of the idea 
outlined above, only to be met with discouragj’ment from 
those who were siippo.sed to hi; ( xpi'rts in such matters. 
His belief in himself jmd in his own idea, however, led 
him to pursue it in spite of eve rything, with the result 
that he a'chieved a signal triumph and add(‘d something 
quite original to the story of tli4‘ invention of the kiternal- 
combustion engine. 



CHAPTER XXV 

THE EFFECTS OF MECHANICAL INVENTION 

On reaching this last chapter I am sadly conscious of the 
limitations of space. I have endeavoured to give a 
selection of examples of invention, notable either for 
their importance, their intrinsic interest, or because they 
illustrate the general trend of the inventive faculty in 
things mechanical. Yet there are hosts of other in- 
teresting examples which ^deserve mention, but to which 
I have not had space even to refer. The temptation is 
strong, therefore, to use thisfcinal chapter in a last effort 
to introduce some of these to my readers’ notice. On the 
other hand, since this book is intended to interest .the 
general reader rather jthan the engineer, it seems as if one 
ought to review briefly the effects of mechanical invention 
upon the World at large. 

To4he engineer an invention may be interesting for 
two reasons. First, it appeals to his professional 
instincts, just as an interesting c?se does to those of 
a doctor. Secondly, it must be confessed it often 
interests him because it provided him with a means of 
making money. To the general public, however, the 
interest in inventions mainly lies in "such questions as 
these : will it ipake my fobd or my clothes cheaper ; 
will it add to my pleasures and comforts, or will it take 
away my work ? The books B^ch used^to be put Into 



Effects of Mechanical Invention 

th^ hands of young boys twenty or thirty years ago 
dwelt largely upon the ^fficulties and hardships which the 
early inventors had to undergo. Arkwright, «HiflfEfeaves, 
and the rest of thjm were held up as heroes, who were 
persecuted by ignorant and misguided people, and so 
deprived of the honour and wealth whith was their 
due. 

Now the persecutors may have been ignorant and mis- 
guided, but the fact remains that the inventions referred 
to had the effect of taking from them their livelihood, 
and who shall blame a man for feeling angry imd bitter 
under such circumstances. While on a visit to^Preston, 
Lancashire, not long ago, there were pointed out to Ine 
a number of ancient houses, in which thc^da weavers 
of cotton fabric used to live Ix'Jpre the time of t!ic power- 
driven loom. All of them put together could not have 
produced more than a fnuj^ion of the (juantity which is 
turned out by a single one of the large weaving sheds 
wluch are to be found in the town to-day, and in which, 
no doubt, many of their descendants are employed. The 
use of the machine has no doubt so cheapeni^ the cost of 
calico, and thereby so increased the use of it, that, the 
total sum of employment has increased, not decieased, 
through its introduction. But those old weavers could 
hardly be expected |o see that. The fact they had to deal 
with was this : We make our living by weaving ; here is 
a man who has invented a machine by which one man will 
be able to do th^' work now dofle by a hundred, what is 
to become of the blher ninety-nine ? Cheaper production, 
as 1 have said, produces a cheaper article, which in turn 
produces a greater demand ; but that takes time, and 
meanwhile (even if the]\could see as far ahead as that) 
J13 
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the old weavers wondered where their fopd and clothing 
was to come from. c 

Andr^ikc the power-loom, the great majority of 
mechanical inventions are for the purp(jse of savipg labour. 

‘ The man who has a machine to sell cannot have a better 
selling arguifient than the statement that it ''saves 
.labour/' or, to put it more truly, saves wages. The first 
man to adopt a labour-saving machine makes more profit, 
because he is able to discharge some of his hands, or he 
may keep his hands on and sell more at a reduced price, 
thereby securing a greater share of the trade and so dis- 
placing ^fands elsewhere. Then his competitors adopt it 
to^^, and there is a general displacement of labour all 
fbund. If the article produced is such that there is a 
practically unlimited use /or it, this general cheapening 
may result, as in the case of, the cbtton fabrics, in an 
increased demand, but in sonoe cases that is not so, and 
then the displacement is permanent ; there is a permanent 
surplus of labour in that particular trade, and the youi^er 
and more active mcn.get what jobs there are, while the 
older men are gradually thrown out to get on as best 
they can. * 

Thesn there is another result which follows the use of 
labour-saving machinery. An example of this is to be 
found in modem engineering practjsce. Years ago an 
engineering works «was largely manned by skilled men 
called fitters. They could do anything, work a lathe or 
imy other macliine, bbsides doing many operations 
which depend mainly on manual dexterity. Such men, 
with labourers to help them; would build up a machine 
part by part, making and fitting the different pieces 
together as they worked. Now/4n a targe jworks, all Mbt 
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]MUrt8\of whicn a large nun^ber are required, are made 
separately, by men who often do nothing else. .For 
example, n a certain kind and size of pin is Required in 
large numbers, one man Vill often be employed solely 
to work a 'special nfechine for making them. Every part 
will, in fact, be made in as large quantities as possible, 
and the men will generally be paid piece-work ; that is to 
say, so much per hundred or per dozen. The modeft 
labour-saving machines which are used for thj^^ejytition 
work are very accurate, and are so constructed that 
** cheap,*’ unskilled labour can operate them as well as 
skilled men could do. The rcsiflt is that they are made 
very cheaply, and are so correct that the skilled man 
who actually build the machines simply havct to put^the 
parts together. It is an arrangement which I)roduces 
good work and che^ wo^ ; ^moreover, the parts are 
interchangeable, and any w^rn or damaged at any time 
can t>e easily and cheajMij replaced ; but it has one great 
disadvantage. The fitter, and his labourer-assistants as 
well^ under the old arrangement, feel that they are 
creating something, and take a pride in their work 
accordingly, while the man who is simply working an 
almost automatic machine and turning out the same^hing 
over and over again, is simply working for hiflp wages. 
There can be no question of taking a pride in such a 
monotonou&job. The man who puts ^e parts together 
feels the saw thing in ajiess degre^ for he is only putting 
> a number ^prewusly preparedT pieces in their proper 
* places. Thei final testing and running of the machine 
is often done by another maa altogether in another shop, 
so that he ddbs not even have the satisfietkm of seeing 
has ypachiiie at wmjk la all prvdMhiltty he never beass 
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anything more of it after he has done his pai;^uiar 
routine work in connection with it, unless soi^^thing is 
wrong. ^ 

Under the old arrangement; then, a man's work was 
often a pleasure to him, while under the new conditions, 
brought about by the advent of certain mechanical 
inventions, his only incentive to work is his wages and the 
desire to avoid the censure of his foreman. 

ideal result of the use of labour-saving machinery 
would be that hours of labour should decrease all round, 
and in a general way that may be the final effect ; but it 
is open to question whether it is better that men should 
work short hours on a monotonous job than longer hours 
on jin interesting and pleasant one. That is a subject 
which it would be inappropriate to discuss here, but it is 
food for thought. Meanwhile, the invention of labour- 
saving machines will go on. and they will no doubt be 
used more and more. 

Further, if labour-saving devices account for the 
majority of mechanical inventions, what are left* are 
very largely labour-wasting appliances, inventions whose 
object isc largely to destroy. The amount of skill and 
human effort which is expended on preparing weapons 
and dcf'^nces for use in wars, which, as a matter of fact, 
seldom happen, is appalling. Twenty or thirty years ago 
some of the cleyerest brains in Britain were spending 
their time devising waxships and the urmanynt for such 
ships. The results of their labours are now floating in. * 
that unhappy flotilla of obsolete vessels oL Portsmouth/ 
waiting for someone to buy them and break them up. 
All the skill and genius which they represent, for they are 
full of mechanical inventimis of a high order, are ahiO- 
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Itttd^wasted. There are indications, however, tliat the 
ma^et such* inventions is shrinking, and there .will 
no doubt w a time when it will cease to exist. 

Thus there would appeal: to be a very large proportion 
of the mkhanical* inventions of to-day which arc Of 
doubtful value to the world at large, and anotjier large pro- 
portion which are absolutely harmful. What, then, of the 
future ? There is a vast field in which inventions 
needed, and in which tfiey can be productivj^^njjjydllg 
but good. Those machines which, as I have pointed out, 
tend to displace the skilled man arc of questionable 
social value, but those which vfill relieve men from the 
hard, degrading labours which some now have to^rfoian 
will be an unalloyed blessing. The work of j stoker^ for 
example, on a steamship is such that no man oiiftht to be 
asked to perform ia these|enl%htened days, and if the 
internal-combustion ^gine changes that, it is a result 
muCh to be desired, ^yfhing, too, which relieves the 
wftrk of the miner, working in a cramped position, often 
in fhe wet and in foul air, can be productive of nothing 
but good. Everything which makes a railway train more 
safe, or a ship more seaworthy, an improvcpient in a 
lighthouse or a lifeboat, all such inventions wo^d be 
good. Then, in iron and steelworks, chemic^ works, 
and many other manufacturing institutions, there is 
work to be* done wlfcch no one woul(^ undertake were^t 
not for economical necessity. Those are opportunities 
for the invntox# If he can d^se mechanical means 
which shall pake such work less horrible, he will deserve 
well of his kind. # 

In concluding my book with thb vie^ of the subject, 
noUirom the engil]per's standpoint, but from the human 
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side purely, I hope I have hot given the impressi^ that 
I depreciate in any way the valijable work dow by the 
inventors. , It is the people who invent, who have the 
strength and originality to go’ outside the beaten track, 
who create something which did not exist before, who 
make the \^orld progress. Without them we should 
stagnate, or, ,more likely still, slip back into savagery. 
‘Tdt, allowing for all that, and giving the full meed of 
prai^ito the. ingenuity and originality which such people 
exhibit, there is another side to the question, and it is 
necessary that we should sometimes look at that, so that 
we may see where events are leading us to. 
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LEE, SIDNEY, 

Stratford>on*Avoil. From the K-nhesi Times tu the*>eath of Shakefcpftirc. 

New revised edition, '«ith adiiitunial Illii'-ttitioii'.. I *iii ftwwn 8v»>, 6 a PoiktC 
Edition, as. nett; leather, 3s nett , and in ^ikluI yapp irjilirr, full gilt, in jl. Mtt 

LEFROY. W. CHAMBftRS. • , 

The Ruined Abbeys of Yorkshire. NVnh ma^ lllustmiion* by A. 

UauNET-DKBAiNE'i aiid H In! 1. t ut»n 6\o. tl./ih, *^ett ; leatUoi, 4*. nfti and 
5A nett. 

LEGROS, ALPHONSE. / ^ 

Six Etchings by Alphonse Legros. a Hioj’rj/fucal Note. Im- 
perial ^to, cv nett. * 

LEYLAND, TOHN. 

The Peak of Derbyshire. With .M.tp, Ktilim/ , .tml o'fci llhiM4tioni 

hy Hkkuabt Rmiton aid Ait-RMn Usws-.n New I ,11 <,ii, (‘i^an «v>>. doth, as.; 
leather, js.; velvet leatlier, in a l>o«, jv. nett. 

The Yorkshire Coast and the Cleveland Hills #ui(^<Oalft. With 

Ktcningv and other Iliusiiations. C tow 11 Cv».. 7s. 

LOFTIE, Rev. W. W • 

The Inns of Court and Chance^. Wiili many Illustrations, chiefly by 

Hbrubri Kailton Ci.ywn 8 vj, i^ith, ia. nett; leithei, )s. nett and nett. 

Westminster Abbey. Wtih ‘itventy femr lllt.sir:ittons, chiefly by HeiiDtaT 
* Railton. I.«rfce crown fcvo, 71 6tl. 

Whitehall. With manj Illi^tation'.. Super-royal 8vo, sicwetl, 2 %, 6 ^ nett ; 

halMinen, jt, 6J nett. ^ 

MACKENZIE, Rev. W. B. 

Married Life and the Dwellings of the Righteous. 3s. 6d,; white 

ailk, 7A 6d. 

MALLESON, Colonel G. B., C.S.I. • 

The Indian Mutiny. With Copper ritlcs anti other Illustrations 

Crown 8vo, jv 

The Refounding of the German Empire. With T/CirA and inam. 

Crown 8vo, ss. 


MINIATURE, LIBRARY OF DEVOTiON 

Little Volumes of ShottBExtrs^ts from the Christian Fathers. With Decorative 
Title-j>age and Photogravure FroniUpi«c. 32mo, cloth extra, each 11 
nett ; leather, eajh is. 6d. nett. Also Three Volumes in leather in case. 
4s. 6d. nett. AAb bound in white vellum with gilt edges, each volume^ a 
boa, 21 nett. * ^ 

1. Saint Amstine. 4. Bishop Aodrewes. 


7. Canon Uddoo. 

8. Ffoekwi 

9. WiOiani Law. 



Seeley Co Limited 

MINIATURE PORTFOLIO MONO- 
^ GRAPHS * 

A New Edition in i6mo. Most of the Volumes have been carefully revised 
by the Authors. Each Volume profusely Illustrated. Cloth, at, nett; leather, 31. 
nett ; velvet leather, in box, 5a nett. 

Peter Paul Rubens. By R. A. M. Stevenson. 

g ianese Wood Engravings. By Professor W. Anderson. 

fth Wedgwood. By A. If. Church, F.R.S., Professor of Chemistry, 

al Academy otArts. New A* Revised Edition. •> 

D. G. RosseMiL By F. G. Stephens, One of the Seven Members of the 

Pre-Rwhaelite Br^erhood. 

The Early Work of Raphael. By Julia Cartwright (Mrs. Ady). 
Fair WMaen in Pai^g and Poetry. By William Sharp (Fiona 

Antoine Watteau, By Claude Phillips, Keeper of the Wallace 

CoMection. , 

Raphael in Rome. By Julia Cartwright (Mrs. Ady). 

€*he Ne 4 r Forest By C. J. Cornish, Author of “ Life of the Zoo," 6*c. 
The Isle of Wight By C. J. Cornish. 
e Gainsborough. By Sir Walter Armstrong, Keeper of the National 
Gallfry ol^itelatEl. 

MITFORD, MARY RUSSELL. 

Country Stories. With 68 Illustratfcns by C^rgb Morrow. Crown 

8vo, cloth, gilt top, aa nett ; also in lerlber, 3s. nett ; antHo special leather yapp, full gilt 
in box, 5s. nett. . 

MONKHOUSE, W. COSMO. * 

The Earlier English Water-Colour Painters. With many Illustrati»iu. 

Crown 8vo, 6a » 

MORIARTY, G. P. / \ 

Dean Sw^ His Life and Writings. tHieaper Edition^ with Two Portridts 

on Copper. «. 6d. • 

MOULE, Archdeacon A. E. 

New China and Old. Notes on the Country and People made during 
m Rotidence of Thirty Yeara With Thirty lllustrationa New Edition, Revise! 
Crown 8vo, 5a 

MOULE, Right Rev. H. C. G., D.D. (Bishop of Durham). 

The Sac^ Seasons. Readings for the Sundays and Holy Days of the 

ChiistiMr'''.^r. With text fprinted in red and black throngbout, and illuminated with 
•podally drawii initial letter:, and other ornamenti, and with twelve illuminated jnges 
mated in three colours and gold after illumitiatious in manuscripts at tho British 
Museum. Extra, crown 8vo, 6a nett ; also white cloth, in box, 7s. 6d. nett. 

At the Holy Com m u nio n . Helps for Preparation and Reception. Qoth, 

x>^ leather aa nett ; calf, 4a. 6d. 

CnrisPt Witness to Uie Life to Come. Crt^^n 8vo, 3s..6d. 

Cross tnd the Spiril$ The. Studies in the Epistle to the Galatians. 
Foolscap 8vo. la 6d. , , a • 

Grace and Godliness. Studies in the Epistle to the Ephesians. Crown 
8vo,«a6d. 

la the House of the Pilgrimage. Hymns and laaed Songs, ss. 6d. 
Initatioos and Twmilations. Crown 8vo, 2s.«6d. nett. 

Jesus and the Resurrectioa. Expository Studies on Stljohn xx. sad xxL 
Xbii!Edidon, aa 6d. If 

Lfiid's Sniper, The. By Bishop' Riduy. Edited 4 th Notes tnd t 

Llii by tlw Bishop Of DoxMAM. Crowa8vo,5a 
10 



, S6eley ^ Co* Limited 

IIOIIlE, flight Rev. H. C. G., Xi.Xy.-C^ntinutd. • 

Our Praver Book. Short Chaptcr-i on the Hook of Common Prtycr. 

i6ato,^)i. ; (Mther, a^nett. 

Pledges of His Love, The. Thoughts on the Holy Cosimunion. i6ifiOi 

It. ; leather, >«. nett. 

Prayers for the Home. A Month's Cycle ol joining and Evening 

Family Worahip, with aome Oica^iunal I'rayera Crown Ivi-, 6d. 

Prayers and Promises. Messages from the Holy Sciipturcs. i6uio,«is.; 

Ikathcr, ji, nett ; calf, 4a. fttl. ^ ^ ® 

The Secret of the F^escnce, and other Sermonn. Crown 8fo, 311, dd. 
Temptation and Escape. Short Chapters for Mr j^nm in the Christian 

Life. i6me, la. ; leather, i%. nett 

Thoughts on Christian Sanctity. i6mo, cloth, ic ; Ica^Jiier, as. nett^ 
Thoughts on Secret Prayer. i6mo, cloth, iv; leather, '* r^eti; calf, 4s. 6d. 
Thoughts on the Spiritual Life. Knno, doih. is.; leather, 2s..ncit. 
Thoughts on Union with Christ i6ino, cloth, is.; leaihrr, sa. nett. 

MURRAY, A. S., LL.D. * t 

Greek Bronzes. With Four (dipper Flate-i and many other llluttratlons. 

Seper-royal Bvo, vewed, iv 6J Knit ; iloib, 4V Ot. l•ett , 

Greek Bronzes, by Dr. Mc’kxay, ami Greek Ternicottf S^tuettes, by 

c. A. Hutton. Wilh Four Pnotogravurea. Eight lolonirj ICates, and Sefemy-Mvail 
Other Itluatraiionv InoneVotunw. Super-royal 8»o, f loth, iwa. 6d nWi. 

HETTLESHIP, J. V e ...... 

Morlaod, George. W ith Cop-per Plates and Thirty other Illustrations. 

Supar-royal Iro, aewe<.l, ja. nett ; Qpth, 6a nrlt. 


THE NEW ART LIBRARY.* 

EDITED BY M. H. SPIELMANN, F..S.A., ^ P. G. KONODY. 
voi.. I. 

THE PRACTICE OF OIL PAINTING AND I^IAWING. . 

By SOLOMO.N J. SOLOMO.N, K.A. With Eighty IlluslriyiiCI s. 6s. nett. 
VOU II. 

HUMAN ANATOMY FOR ART STUDENTS. 

By Sir Alfred Downing 1*ripp, K.C.V.O , Lecturer upon AoRtomy at 
Guy's Hoapiul, I>ondon, and Kalfh Tmomi-soh, Cb.M., F.R.C.f., with a ciupler on 
Comparative Anatomy. »nd Drawings t,y llABav iHxon. With One huadred aad Ifty- 
nine P^iographs and Drawingv Square catra crown Ivo, ya. 6d. nett 

, g VOL. lU. 

MODELLING AND SCULPTURE 

By Albert Toft-, AaR.C.A., M.S.B.S. With 119 Photographs sad 

Dmvbfa. Squerc extra ctotrn tvo, 6a. nett. 


PACE, J. U WA 

OoftoMKA An Exploratioa ot With MtpT Etchings, sod other lUns* 

cnokoe. Edition, jl 6d. > g 

Exmoor,* Aa EnloraAon ol With MAps,pEUhings, sod other tfli^ 

MiiMi. 0i^lditaa^ji.6d. 


II 



. Seeley ^ Co Lfimi£6d. 

' PENNELL, T. L* M.D., li.Sc., F.R.Q.S. 

Among the Wild Tribra of the Afghan Frontier. A Record of Six- 
teen Yearf^lose Intercourse with the Natives of the Indlin Marches. With an Intro- 
duction by P(etd-Marbhal Loro Robkrts, V.C Demy 8vo. With 37 Illustrations and 
* a Map. 16s. nett, 

PHILLIPS, CLAUDE. 

* The Earlier W8rk of Titian. With many Illustrations. Super-royal Svo, 

sewed, 3s. 6d. nett ; cloth, 4s. 6d. nett. 

* The Later Work of Titian. With many Illustrations. Super-ro)%d 8vo, 

sewed, 3s. 6d. nett ;^loth, 4s. 6d. nett. u 

‘^Titian, a Stu^a^of his Life and Work. With Eight Copper Plates and 

many other Illustrations. Super-royal 8vo, 9s. nett. 

i'he Picture Gallery of Charles I. With many Illustrations. Super- 

*' royal 8vo,‘^red, 3s. 6d. nett ; cloth, 4s. 6d. nett 

Frederick Walker. Sup.-roy.8vo,sewed, 2s. 6d. nett ; half-linen, 3s.6d.nett. 
Antoine Watteau. Sup.-roy. 8vo,sewed, 25.6d. nett; half-linen, 3s. 6d. nett; 

alto small 4to, cloth, as. nett ; and 3s. and 5$. nett in leather. 

POLLARD, ii. W. 

Italian Book Illustrations. Super-royal 8vo, sewed, 2s. 6d. nett ; half-linen, 
, 31. 6d. nett 

« . 

PORTFOLIO MONOGRAPHS ON 
ARTISTIC SUBJECTS 

'*A triumph of magulfioent illustration and masterly edlting.**-7'A« Tim**.* 

With many Illustrations, some in colours. Super-royal Bvo, 5s. nett, and in cloth, 7a n^ 
Many of tVe Volumes are issued in two forms and at Afnous nett prices. Where two prices ar* 
given, the first is that of the paper cover edition ; the second that of the cloth. When golf 
one price is given, the Volume is bound in paper only. 

ANDERSON, Prof. W. 

Japanese Wood Engravings. 2s. 6d. and 3s. 6d. 

ARMSTRONC/Sir WALTER 
The Art of Velazquez. 3s. 6d. 

The Velazquez. 3s. 6d. 

The Ped CUlection and the Dutch School of Painting. 5s. and yi. 
Thomas Gainsborough. Half-Haen, 3s. 6d. 

W. Q. Orchardaon. 2s. 6d. and 3a 6d. 

BEDFORD, W. K. R 

Malta, as. 6d. ^ r - 

BENHAM, Canon, and CHARLES WELC^H, R.S.A. 

Me^val London. 3s. 6d.,ls., and 7s. 

The Tower of London. 5a and 7a 
BBVHAM, Canon. , ^ 

Old St Paiil*t CaUvidraL 5a and 7a 

Idhp Crane end J. S. Cotman. 38. 6 d. 



Scdey & Co •Limited 

BIRCH, G* H., F.S.A. 

Loodoo on Thames. 5<>.«and 7s. 

CARTWRIGHT, jy LI A (Mrs. ADY). 
jnles Bastien-Lepaee. 2<;. (><1. and 3<«. fa). 

The Earl;7 Work w Raphael. 2«i. o.l, and 3*. 6d. 

Raphael m Rome. 2;;. (mJ. and 3s. 6d. 

CHURCH, A. H., F.R S. 

Ipsiah Wedgn^ood. 5s. and 7s. 

COIWISH, C. J. 

The Isle of Wight 6d. and 3«t. 6d. 

The New Forest 2s. 6d. and 3s. 6<1. 

CUST, LIONEL, F.S.A. 

The Ei^avings of Albert Durer. is. 6d. and 3t. 6d. > 

The Paintings and Drawings of Albert Diirer 3.S. ud. 
DAVENPORT, CVRIL, F.S.A 

Royal English Bookbindings. )s. 6d. and 41. 6d. 

Cameos. 5s. .and 7s. 

DAVIES, RANDALL. F.S.A. 

Ei^lish Society of the Eighteenth Century in Contemporary Art 
PEST R^EE, O. G. * 

The Renaissance of Sculpture in Belgium. 2s. Rd. and 3^ 6d. 
FLETCHER, W. Y. • 

Bookbinding in France. 2s. 6(L and jv 6d. 

GARDNER, J. STARK! E. . 

Armour in England. 3>v 6<!T 
s Foreign Armour in Euglana. 35. 6d. 
gXrNETT, RICHAR.n, C.B., LL.D. 

^ Richmond on Thames. 3fil|^d. and 4%. 6d. 

GBAHAME, GEORGE. 

Claude Lorrain. 2s. 6d. and 3v 6d. 

HAMERTON, P. G. 

The Etchings of Rembrandt as. 6d. and 3a. 6d. 

HUTTON, C. A 

Greek Terracotta Statuettes, sk. and 7s. 

LOFTIE, W. J. 

WtutehalL 2%. 6d. and 3$. 6d. 

MURRAY, A S., LL.D. 

Greek Bronzes. 3s. 6d. and 4s. 6d. 

nettleship, j. T. 

George Morland. and 6$. 

PHILLIPS-CLAUqfc ^ 

PredmcK Walker. 2a. 6d. and 3a 
Antoine WatteaiP 2s.i6d. and 3a. 6da 
The Pictore Gallery of Charles I. 3a. 6d. 

The Eiulier Work of Titian. 3a. 6d. 

The Later WA-l^ Titian, p. 6d. • 

KIJLKRD.ALF^D W. « 

Italian Blok lUostratioQi. ss. 6d. snd 3s. 6d. 

PRIOR, VlW, F.S.A 9 

The CetfaeM Bnilderi hi Engl and, s** ^ 7 e 
*3 
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OLOMON, SOLOMON J^RA. 

The Practice of Oil I%ntinfi; and Drawingf. Illustrated with many 

Pniwings^y the Author, and Painting 

TEPHENS, F. G. ^ * 

Rossetti, D. G. Super-royal 8vo, sewed, as. 6d. nett ; also small 4to, cloth, 

M. nett ; leather, 3s. nett ; velvet leather, in a box, sa nett 

TEVENSON, R. L. 

Edinburgh. Fcap. 8vo, with Frontispiece, gilt top, cloth, 2s. net. , 

• leatheiMj nett Crown Svo, Illustrated, doth, 3!t. 6d. Roxburgh, gilt top, 5s. a Library 
Kdition. Crown 8to, btirkram, dark blue, gilt top. Sixteen Full-page lilustrat mm, 6s. 

• Presentation EiUlion. Extra crown 8vo, with Sixty-four Illustrations, 6s. nett , also 
People's Editton;\>tny 8vo, 6d. nett. 

TIWENSON, R. A. M. 

Ruben* , Peter Paul. Illustrated. Super-royal 8vo, 3s. 6d. nett, sewed. 

also small 4to, cloth, as. nett ; leather, 3s. nett and 5s. nett. 

TIGAND, Captain C, H., F.R.G.S., F.Z.S. 

Tok Abyssinia Through an Unknown Land. With Thirty-six Illustra- 
tions and Two Maps. Demy 8vo, i6s nett. 

WANN ALFRED J. 

Fighting the Slave Hunters in Central Africa. With Forty-fi?e 

, IIluitrationAand a Map. Demy 8vo, i6s. nett. 

' ' ‘ THINGS SEEN” SERIES 

Each volume with 50 Illustrations. Sriiall 4to, cl'^th, 2s. ; leather, 3s, ; ’ 
and velvet leathitr, in a box, 5s. nett. 


Things Seen in Japan. By Clive Got land. 

Things Seen in China. By J. R. C.^^rrY. 

Things Seen in Eg^t. By E. L. Butcher. 

Things Seen in Holland. By C. £. Roche. 

Ttings Seen in Spain. By C. Ga.sctUoine Hartley. 

OFT, ALBERT, Hon., A.R.C.A., M.S.B S. 

Modelling and Sculpture. Profusely Illustrated with 119 Phott>graph* 

and Drawings. Square extra crown Bvor 6s. netL 


OWNSHENU, Captain A. T. 

A Military, Consul in Turkey. With many Illustrations. Demy Svo^ 
k6s. nett 

URNER. CHARLES C. 

Aerial ]NaK3^tion of To-day. With Seventy Illustrations and Diagrams. 

Extra crown Bw, 5s. nett. 

iTAC^ Very ^er. H., Dean of Canterbury. 

^e Sacmce of Christ Its Vital Reality and Efficacy, Cloth, is. 
iTAERN, C. 

lohn La Parge. Illustrateda Supei-royal*8vct: sewed, 34, 6d. nett 
ITBALB, W. H. JAMES. Vv 

vGeraro David, Painter and lUominator.* IlluiUrated. Super-rojil 8vor 

c Medwvai London. With a Fronlispieee in Photomvure, Four Fbtes in 
Coioor, arid many other Illastiadttu. Soper-royal Bvo, >«wm, ss. aatt; dodtl&ltaiV 

; Mart via the.Mooa. An AstroLomical Story.* With SfadriM;. 






